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A GEOLOGICAL RECONNAISSANCE ACROSS THE BIHERROOT 
RANGE AND THE CLEARWATER MOUNTAINS IN MONTANA AND 
IDAHO. 

By Waldemau Lindgren. 



INTRODUCTION. 

SITUATION. 

This report describes, in a preliminary way, a belt of country extendinjj 
westward from the Bitterroot Valley, across the dividing mnge and the rugged 
mountains of the Clearwater system, down to the fertile plateaus which border 
the canyon of Snake River. It thus presents a reconnaissance section from 
western Montana across northern Idaho, and deals chiefly with ai*eas about which, 
thus far, little geological information has been available. 

In spite of the forbidding aspect of these mountains, the earliest explorers 
of the Cordilleran region, Lewis and Clarke, led their expedition across them, 
choosing the Lolo trail from the Bitterroot Valley to the present site of Lewis- 
ton, where they wintered. This was in 1805. For many decades after this the 
wild solitudes remained the exclusive hunting ground of the Nez Perce Indians; 
but in 1860 the gold fields of Elk City and Oro Fino wei'e discovered, and in that 
year began the gmdual settlement of the Bitterroot Valley on the east and the lower 
Clearwater country on the west. An army of gold seekers invaded the Clearwater 
Mountains, but, failing to find gold placers outside of the old camps, .soon aban- 
doned the search. The two Indian trails connecting Idaho with Montana, the 
Lolo and the Nez Perce, which were much used at first, gmdually became less 
frequented. The Indians and the few trappers who wintered in the snowy 
forests were the only occupants of these mountains, which, on account of their 
isolation, formed one of the finest game preserves of the West, where the moose, 
the elk, and the bear roamed in great numbers. 

In 1877 the lower Clearwater country was the scene of the Nez Perce Indian 
war, and the march of the United States troops across the Lolo trail after the 
Indians forms one of the memorable episodes of this unfortunate conflict. In 1896 
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there was establis^etH t^^ present United States forest reserve, which embraces the 
larger part,of'tht^,Glearwater drainage. During the last few years the reserve has 
be^n patr'trfled' by Government rangers in order to prevent forest fires, which 
, iji file p&st have caused such destruction within this area, and in order to check 
'Tb6e* indiscriminate slaughter of wild game which has gone on during the last ten 
or fifteen years. The Bitterroot Valley has graduall}' been settled, and to-day its 
orchards and fields form one of the most attractive parts of Montana. In 1897 
the Nez Perce Reservation, which had long been a barrier to the settlement' of 
the lower Clearwater, was thrown open, and the high pmiries between the Clear- 
water and the Snake have been transformed into a rich and important farming 
country. 

MAPS AND LITERATURE. 

Until a recent date the topography of the Clearwater Mountains was only 
imperfectly known. The first approximately reliable data are contained in the 
map of the Department of the Columbia issued in 1881 by the Engineer Coi-ps, 
United States Army, which was compiled by Lieut. T. W. Symons. During 1897 
Mr. J. B. Lippincott made, for the United States Geological Survey, a reconnais- 
sance map of the newly created forest reserve, on the scale of 6 miles to the inch. 
This excellent work is the chief basis of the maps published since then and is also 
used in this paper, somewhat reduced in scale. Man}- of the photographs in this 
report were taken by Mr. Lippincott in 1897. In 1897-98 the Hamilton quad- 
rangle (Montana and Idaho) was mapped b}'^ Messrs. S. S. Gannett, E. C. Barnard, 
and A. B. Searle for the United States Geological Survey. The map of this 
quadrangle includes the crest of the central pail of the Bitterroot llange; it is 
published on the scale of 1:125000, or about 2 miles to 1 ihch, and it has 100-foot 
contour intervals. These, together with the cadastral surveys of the United 
States Cieneral Land Oflice ((leneral Land Office, Department of the Interior, 
map of Idaho, 1898) of the eastern and western margins of the area involved, 
form the basis of the maps accompanying this report. PI. 1, which shows the 
region covered by this reconnaissance, is compiled from the Geological Survey 
map by Lippincott and the Land Office map of Idaho. The contours west of 
the western boundary of the forest reserve were sketched by myself from 
numerous aneroid observations. 

The reports dealing with the whole or parts of this region' are as follows: 
Ri'ssBLL, i. C, A reconnaissance in southeastern Washington: Water-Sup. and Irr. Paper No. 4, 

V. S. Geol. Survey, 1897. 

Contains description of the canyon of Snake River below Lewiston. 
GiWDB, R. r., The Bitterroot Forest Reserve: Nat. Geog. Mag., vol. 9, 1898, pp. 387-400, No. 9. 

Contains general description of "reserve and definition of mountain systems. 
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Leibbro, J. B., The Bitterroot Forest Beserve: Nineteenth Ann. Bept. U. S. Geol. Survey, pt. 5, 

1899, pp. 253-282. 

Describes topography and forests of the Clearwater Mountains. 
LiNDOREN, Waldemar, The gold and silver veins of Silver City, De Lamar, and other mining 

districts in Idaho: Twentieth Ann. Bept. U. S. Geol. Survey, pt. 3, 1900, pp. 67-256. 

A reconnaissance south of the Clearwater Mountains and partly connecting with the area 
described in the present report. Describes also the gold-mining camp of Florence and the canyon 
of Salmon Biver west of it. 
BussELL, I. C, Geology and water resources of Nez Perce County, Idaho: Water-Sup. and Irr. 

Papers Nos. 53 and 54, U. S. Geol. Survey, 1901. 

Describes the lower Clearwater region, chiefly occupied by the Columbia Biver lava. Also 
contains accounts of underlying formations and of the canyons of Salmon and Snake rivers. 
Whittle, C. L., The Buffalo Hump mining district: Eng. and Min. Jour., vol. 68, 1899, pp. 215, 216. 

Contains a short description of this mining camp. 
FiNLAY, J. B., The mining industry of the Coeur d*Alene, Idaho: Trans. Am. Inst. Min. Eng., 

February and May, 1902. 

Man}" scattered notes regarding mining operations and production are found 
in the early reports to the United States Government by J. Ross Browne and 
R. W. Raymond, as well as in subsequent reports by the Bureau of the Mint 
on the production of gold and silver. 

FIELD WORK. 

The area embi*aced in the present reconnaissance contains about 12,000 square 
miles, of which 6,500 square miles are included in the Bitterroot Forest Reserve. 
Beginning at the confluence of Bitterroot River and Lolo Fork, the boundary of 
this area extends south to the heiid of the South Fork of the Bitterroot River; 
then it follows the divide between the Salmon and the Clearwater to Buflfalo Hump; 
then it runs northwestward to Mount Idaho, Grangeville, and the lower canyon 
of the Salmon, then to Lewiston, and from there eastward to Pierce; then it fol- 
lows the divide between the Lochsa Fork and the North Fork of the Clearwater 
to Lolo Pass, and down the Lolo Fork to its mouth. (PI. I and fig. 1, p. 12.) 

The field work occupied the time between July 22 and October 21, 1899. 
During this time Mr. H. R. Johnson, of Stanford University, rendered efficient 
geological aid, and during my temporary absence, from September 22 to October 
8, had charge of the party examining the western part of the Lolo trail and the 
Crags. From August 1 to September 11 I had also the valuable assistance of 
Mr. G. W. Stose, to whom especially many observations on the upper Bitterroot 
Valley are due. The geneml route led first north from Hamilton along the 
Bitterroot Range to some miles beyond Lolo Pass, thence back to Hamilton and 
across the range over the Lost Horse trail. Returning, the southern part of the 
range was examined, and from Darby the route led up the Bitterroot River to 
its head; thence along the divide between the Salmon and the Clearwater to Elk 
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City and Buffalo Hump; thence across the high prairie south of Liewiston, up the 
main fork of the Clearwater to the Crags; finally, to Pierce and up to Rocky 
Kidge on the Lolo trail. Many parts of the area were not visited and the whole 
examination partakes of the character of a rapid reconnaissance. Fortunately, 




Fio. 1.— Index map showing extent of reconnaissance. 

the route was laid out in a manner to obtain, in spite of this, a fairly accurate 
conception of the general geological structure of the whole region. 

TOPOGRAPHY. 

The nomenclature of the main ranges in these parts of Idaho and Montana is 
not yet settled, and it will, therefore, first be necessary to define the mountain 
systems involved. The whole area lies in the watershed of the Columbia River. 
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TOPOGRAPHY. 13 

As is well known, the main divide of the Rocky Mountains is followed by the 
boundary line between Montana and Idaho from the Yellowstone Park westwaixi 
to Gibbons Pass, near the southeastern corner of this reconnaissance area; thence 
the main divide bends sharply northeast, while for over 200 miles northward the 
boundary follows the divide l>etween the tributaries of Snake River on the west 
and Clark Fork of the Columbia on the east, the principal afQuent of the latter 
being the Bitterroot River. 

It is proposed to give the name of the Coeur d'Alene Mountains to the broad 
complex extending 100 miles from Pend Oreille Lake southeasterly to the head 
of the North Fork of the Clearwater, a short distance north of Lolo Pass. This 
range, which reaches elevations of only 7,000 or 7,500 feet, is drained westward 
by the Coeur d'Alene, St. Joseph, and St. Marys rivers, all emptying into the 
Coeur d'Alene Lake, and thence into the Columbia by way of Spokane River. 
At the western foot of this range extend the high plateaus of the Palouse country. 
The eastern slope of the Coeur d'Alene Mountains is only from 10 to 25 miles 
wide, and the creeks drain directly into Missoula River or the Clark Fork. 

From Lolo Fork to the head of the West Fork of the Bitterroot River (also 
called Nez Perce Fork) extends the Bitterroot Range. It is extremely well defined, 
topographically and geologically, is about 60 miles long, and trends exactly north 
and south. In many places it attains elevations of over 9,000 feet, and near the 
southern end culminates in Trapper Peak (elevation, 10,175 feet). 

Eastward the Bitterroot Range descends steeply toward the valle}^ of the same 
name. Westward its slopes soon merge into the Clearwater Mountains. 

By the name Clearwater Mountains it is proposed to designate that broad, 
mountainous country comprised within the drainage of the Clearwater River. The 
Clearwater Mountains occup}' a rough square with a side of about 70 miles, and at 
their westward margin descend rapidly to the high plateaus of the lower Salmon 
and Snake rivers. The highest peaks rarel}' exceed 8,000 feet in elevation. 

The Clearwater Mountains are continued southward in the Salmon River 
Mountains. These have the same general characteristics and occupy a large 
portion of centml Idaho. The Salmon River is supposed to be the dividing line 
between these two regions. 

The divisions here outlined are on the whole similar to those used by the 
United States Engineers in their map of the Department of the Columbia of 1881, 
but differ from those employed on the map of Idaho of the General Land Office, 
on which the Bitterroot Mountains cover the area between Mullans Pass in the 
Coeur d'Alene Mountains and Nez Perce Paas. 

R. U. Goode (see list of literature, p. 10) gives the general name of Bitterroot 
Mountains to the whole uplift from near Pend Oreille Lake to the pass at the 
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head of Bitterroot River, near the North Fork of the Salmon, and makes the 
Coeur d'Alene and Clearwater mountains subdivisions of this general term. On 
account of the strongly pronounced individuality of that part of the range between 
the Lolo and Nez Perce passes, which unquestionably has alwa3's been designated by 
the name of the "Bitterroot Range,'' I do not like to accept so wide a definition. 

The Clearwater Mountains thiis form a part of the great mountain region of 
central Idaho, a vast uplift extending from the Snake River Valle}" on the south 
well up toward the British possessions on the north. Like the Salmon River 
Mountains on the south and the Coeur d'Alene Mountains on the north, they are 
deeph' dissected by a canyon system of rarely equaled extent and depth. The 
principal ridges between the streams, generally broad and flat, but sometimes also 
dissected into sharper crests and peaks, attain throughout about the same elevation, 
averaging perhaps 7,00<) feet, and varying between 8,000 and 6,000 feet. Their 
combined crest lines would form an undulating plain differing little in elevation 
in the v^arious partes of the Clearwater Mountains; in other words, sloping ver}" 
little, if any, in any given direction. From their westerly margin the mountains 
slope rapidly to the lava plateau, which has an elevation of 3,000 to 3,500 feet. 
Along the Salmon River the high mountain plateau extends farther westward, and 
its last ramparts overlook the great bend of that river, rising 6,500 feet above 
its water line. The plateau character of the combined ridge lines is clearly seen 
in figs. 4 and 6 (pp. 60, 69). We must regard this surface as the result of erosion. 
The country was worn down to a comparatively gentle "topographic feature, then 
uplifted and deeply dissected by canyons. Foremost of these is the great canyon 
of the Salmon, which, like a mighty V-shaped trench, is cut to a depth of from 
4,000 to 5,000 feet practically across the whole width of Idaho, 100 miles in a^ 
straight line, and far more along the course of the river. It interposes a formi- 
dable obstacle to intercourse between the southern and northern parts of the 
State. Only one wagon road crosses it, and that can be traversed by only lightly 
loaded vehicles. Within a few miles of Snake River the Salmon bends suddenly 
northward and parallels the Snake for a distance of 40 miles, and then finally 
joins it, after making a wide curve convex toward the north. Until a point some 
distance below the great bend is reached the canyon is entirely cut in pre-Ter- 
tiar}' rocks and antedates the flows of the Columbia River lava. No bottom 
lands worthy of the name line the main part of the canyon, and many parts of 
the gorge are entirely inaccessible. Disaster has frequently overtaken those who 
have tried to navigate its wild rapids. The river is still largely eroding its 
bed. Below Freedom its course was changed by the Tertiary lavas. 

The lower portion of the Clearwater River in the Columbia Riv^r lava 
closely parallels the Salmon, and its course is undoubtedly due to the same deter- 
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mining cause — that is, to the obstructing Tertiary flows of basalt. The Clearwater 
drainage system is much more branching, and though the trenches of the principal 
forks, the Lochsa and the Selway, are fully 4,000 feet deep and often inaccessible 
along the stream beds, they lack the grandeur of the single canyon of the Salmon. 
As seen from the map (PL I), the Clearwater splits in a number of branches, and, 
in fact, drains practically the whole area discussed in this paper. When the 
river enters the plateau of Columbia River lava the canyons are much less deep, 
but are much more sharply incised than the flaring trenches of the Clearwatei* 
Mountains. 

Between the Lolo and Nez Perce passes, very close to the Montana boundary 
line, the mountains increase rapidly in elevation and form the narrow and sharply 
defined Bitterroot Range, which eastward soon slopes down to the equally pronounced 
depression of Bitterroot Valley. 

The Bitterroot Range can best be likened to a long and narrow block raised 
2jOCK> feet aboi^'^'tii^ general elevation of the old Clearwater Plateau. North and 
sitttti^ of it fraigtiii^nt^ of this plateau seem to continue for a still undetermined 
distance into Montana. 

The Bitterroot River heads on the ridge north of the Salmon River Canyon. 
In its upper course, as far north as the southern end of the Bitterroot Range, the 
river and its branches have evidently dissected the same old Clearwater Plateau. 
It soon, however, enters the wide and level Bitterroot Valley and continues north- 
ward in this for over 60 miles. North of the mouth of Lolo Fork the boixlering 
ridges again rise to the general level of the Clearwater Plateau. Gently sloping 
ridges face the Bitterroot Valley on the east, while on the west rises the high 
block of the Bitterroot Mountains, sloping down to the valley by a long, even 
declivity of 18°, and indicating by its geologic and topographic features its impor- 
tant tectonic character as a fault plane. 

DESCRIPTIVE GEOLOGY. 

GENERAL FEATURES. 
SEDIMENTARY FORMATIONS. 

In a broad way the distribution of the pre-Tertiary sedimentary formations in 
the region under consideration is as follows: Practically the entire area of the 
Bitterroot and Clearwater mountains is occupied by granite with some gneiss. 
West of the Clearwater River, and only imperfectly exposed below the lava, is an 
extensive sedimentary area adjoining this granite; smaller sedimentary areas are 
exposed on Lolo Fork and on the head of the South Fork of Bitterroot River. 
In no plac^ have well-defined fossils been found, but there is some foundation for 
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the belief that the two last-named areas on the east side are very old, possibly pre- 
Canibrian, while the western area probably includes Triassic, Carboniferous, and 
possibly still older sediments. 

The sedimentary series of the Lolo Fork, in the northeast corner of the area, 
consists of moderately metamorphosed quartzites, limestone, and banded slates, some 
of them of a purple color. This apparently conformable but evidently folded, over- 
turned, and repeated series has a northwesterly or west-northwesterly strike and a 
pi-evailing northeasterly dip of 30° to 45°, and borders south and west against later 
granite with intrusive contact. The chief interest of this series lies in the fact that 
it is probably the southward end of the similar very extensive area which in the 
Coeur d'Alene section, 75 miles farther north, occupies the whole width of the Coeur 
d'Alene Mountains from the lake of the same name up to M ullan Pass, and thence 
down to the Clark Fork of the Columbia by way of St. Regis de Borgia River. 
Throughout, this Coeur d'Alene series has a west-northwest or northwesterly strike 
and usually a moderate northeasterly dip. No fossils have been found in it, and my 
belief is that it should be coordinated with the thick pre-Cambrian series Oi central 
Montana. 

Small exposures of the same or a, similar series are noted along the foothills 
of the Bitterroot Valle}^ and again on the Skalkaho and Weeping Child Creek, 
wherQ they also border intrusive granite. 

A series of quartzites or quartzitic schists and slates occupies a considerable 
area at the very head of the South Fork of the Bitterroot and extends at least as 
far as Gibbonsville, Idaho, on the east. They appear to be thrown into flat folds 
dipping east or west at moderate angles. They are probably intruded by granite 
and certainly by granite -porphyry on the north, and border against older gneisses 
on the south. 

At the western foot of the Clearwater Mountains the most prominent sedi- 
mentary terrane is composed of black slates, limestones, quartzitic slates, and 
associated partly schistose and probably effusive greenstones which are found on 
the South Fork of the Clearwater and which extend onlj' a short distance north of 
Harpsters. This series has a persistent northeasterly strike and steep dip, and 
evidently forms the northern continuation of beds of the same strike exposed at 
intervals below the Columbia River basalt on the lower Sahnon, in the Seven 
Devils, and, over 100 miles distant, near Huntington. Triassic fossils have been 
found in the Seven Devils,'' and a large part of this long are^ of sediments is 
believed to be of Triassic age. Still farther west sedimentary rocks of unknown 
age, but probably Paleozoic or Mesozoic, are exposed near the junction of the 
Salmon and Snake rivers, in the Cottonwood Buttes, and in Clearwater Canyon 

a Twenty-second Ann. Rept. U. S. Geol. Survey, pt. 3. 1902, p. 681. 
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between Contact railroad station and the mouth of the North Fork. They consist 
of quartzites, sandstones, conglomerates, limestones, and shales, as well as large 
masses of associated old and partly altered and schistose lavas (greenstones). The 
structure of this series is little known except that the dips are generally steep 
and the strike has a general northerly direction. 

At Oro Fino, North Fork, and Pierce are gneisses, mica-schists, and occasional 
crystalline limestones bordering the intrusive granite of the Clearwater Mountains. 
These are surely parti}' at least of sedimentary origin, but their age is unknown. 

GRANITE." 

Extent. — Granitic rocks prevail in the Bitterroot Range and in the Clearwater 
Mountains, and form a central mass of vast extent, bounded in the four corners of 
the region covered by this reconnaissance b}" smaller areas of different sedimentary 
series. To the north of this region the extent of the granite is not well known. 
But as the granite is absent in the Coeur d'Alene section (p. 81) it is probable that 
the main area does not continue far north of Lolo Ridge except as detached masses. 
Southward this granite continues through all of central Idaho as a broad belt, and 
finally disappears below the sediments of Snake River Valley. It does not reach 
Snake River at any place between Huntington and Lewiston. It forms on the whole 
an elongated area 300 miles from north to south and 50 to 100 miles from east to 
west, constituting one of the largest granitic batholiths of this continent. 

Within the margins of this reconnaissance it occupies the whole of the Bitter- 
root Range except its extreme northern end. Along the foot of this range it 
acquires gneissoid structure, owing to orographic forces. It even appears in the 
eastern foothills of the Bitterroot Valley, and is there also slightly gneissoid in 
structure. Westward it occupies the whole center of the Clearwater Mountains 
from Lolo Ridge down to Salmon River, but along the latter contains many included 
areas of an older gneiss. Between Oro Fino and Stuart, on the Clearwater, a 
projecting arm of the granite extends far westward underneath the lava to the 
southeastern part of the Cottonwood Buttes, and possibly even to the Salmon River 
Canyon west of Grangeville. 

Character', — On the whole, this extensive area of granite shows great constancy 
in its petrographic character. It is a normal granular rock, sometimes roughlj- 
porphyritic by the development of large orthoclase crystals up to 3 cm. in diameter. 
The color is almost always light gra}^ the outcrops assuming a yellowish-gray color, 
which in glaciated districts changes to a brilliant white or light-gray tone. Biotite 
is always present in small foils, and over large areas muscovite also enters into the 

a The coarser granular, maasive, igneous rocks occurring in this region consist chiefly of quartz-monzonites with 
frequent facies of true granite with prevailing alkali feldspar. The two kinds of rocks can not easily be distinguished in 
the field, and it has therefore been found necessary to speak of them collectively as " granite." The distinction between 
them is emphasized only in detailed petrographic descriptions. 

5995— No. 27—04 2 
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composition; quartz in abundant* in medium-size grains, while the feldspars are 
represented by both orthoclase and oligoclase, the latter usually in large quantity. 
Perthite is also frequently encountered, and more rarely microcline. The rock 
contains far too much oligoclase to be classed as a normal granite and should be 
rather characterized as a quartz-monzonite. Modifications more closely allied to 
granodiorite, diorite, and granite occur In subordinate quantity. 

The granite is typically developed near the head of Mill Creek, Bitterroot Range, 
where it is a light-gmy, medium-grained rock, with small foils of biotite and a little 
muscovite. A few larger crystals of orthoclase reach one-half inch in length. 
Under the microscope the rock shows much quartz, a little normal orthoclase, and 
many large grains of microperthite. An acidic oligoclase with very narrow striations 
is very abundant. Biotite and muscovite occur in scattered straight foils. Few 
accessories except zircon and apatite were noted, though titanite occurs abundantly 
in basic concretions in the same granite. The structure is typically granitic; the 
oligoclase is in part idiomorphic and sometimes included in the perthite. An 
analysis of this rock is given in the table l>elow, together with such analyses of rocks 
as are available from the southern end of this great granitic batholith. 

Analyses of granitic rocks from Idaho, 



SiO, 

AlA 

Fo^Oh 

Fe( ) 

Mg() 

CaO 

Na,0 

K,0 

11,0 below 110'' C. 
n,0 above 110'' C . 

TiO., 

CO, 

PA 

8 



1. 

72.07 

15.51 

.81 

1.01 

.35 

1.98 

4.02 

4.09 

.08 

.30 

.16 

None. 

.11 



NiO ami CoO 

MnO 

BaO 

Srt) 

Li,0 



.1 Trat-e. 



99.89 



II. 

69.56 

15.29 

.86 

2.06 

.69 

2.81 

3.97 

3.36 

«.86 

.55 



.16 



100.17 



III. 



IV. 



68.42 

15.01 

.97 

1.93 

1.21 

2.60 

3.22 

4.25 

.54 

.73 

.50 

.20 

.13 

.02 

None. 

.06 

.12 

.03 

Trace. 



99.94 



65.23 

16.94 

1.60 

1.91 

1.31 

3.85 

3.57 

3.0§ 

.18 

.88 

.66 

.25 

.19 



V. 



Trace. 
.19 



99.78 



57.78 

16.28 

1.02 

4.92 

4.60 

6.65 

3.25 

2.22 

.34 

.92 

1.07 

.15 

.30 

.02 

.02 

.15 

.12 

.07 

Trace. 



99.88 



a Lo88 on ignition. 
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I. Quartz-monzonite. Near head of Mill Creek, Bltterroot Range, Montana. W. F. Hiilebrand, 
analyst. 
II. Quartz-monzonite, No. 46, Boise collection. Shafer Butte, Boise County, Idaho. George 
Steiger, analyst. Twentieth Ann. Kept. U. S. Geol. Survey, pt. 3, 1900, p. 82. 

III. Qdlulz-monzonite, No. 25, Hailey collection. Democrat mine, near Hailey, Blaine County, 

Idaho. W. F. Hiilebrand, analyst. ' Twentieth Ann. Kept. U. 8. Geol. Survey, pt. 3, 1900, 
p. 82. 

IV. Granodiorite, No. 79, BoLse collection. Silver Wreath tunnel, Willow Creek mining district, 

Boise County, Idaho. George Steiger, analyst. Twentieth Ann. Rept. U. S. Greol. Survey, 
pt. 3, 1900, p. 82. 
V. Diorite, No. 32, Hailey collection. Croesus mine, near Hailey, Blaine County, Idaho. W. F. 
Hiilebrand, analyst. Twentieth Ann. Rept. IJ. S. Geol. Survey, pt. 3, p. 82. 

The approximately calculated composition of the rocks is as follows: 

Calculated composition of rocks from Idaho. 



I. 



Quartz 

Orthoclase molecule. 

Albite molecule 

Anorthite molecule . 

Biotite« 

Apatite 

Titanite 

Magnetite \ 

Calcite 



Pyrite 

Hygroscopic water 

Excess combined water. 

Total 



28.73 

20.04 

33.98 

8.36 

ft 8. 03 

.27 

.29 

.17 



.03 



99.90 



28.04 

15.84 

33.54 

11.15 

7.55 

.37 

1.13 

.93 



.36 
.27 



99.18 



III. 



29.21 

18.07 

27.19 

9.53 

12.36 

.47 

.88 

.31 

.45 

.03 

.54 

.32 



99.36 



IV. 



25.00 

1L21 

30.25 

13.88 

15.99 

.44 

1.65 

.61 

.57 



.18 



99.78 



V. 



8.45 

7.57 

26.20 

20.45 

C32.55 

.69 

1.29 

1.48 

.33 

.03 

.34 

.51 



99.89 



a Molecular ratio assumed: MgO: SiO^: TiOa: AI2O3: FejOg: FeO: C^O: KjO: H20=l: 2.44: .06: .75: .14: .88: .04: .42: .76. 
ftBiotlte, 5.03; muscovite, 3.00. Molecular ratio of biotite in this analysis figures out to MgrO: SiOj: Al^Os: FejOgi FeO: 
CaO: K2O: H,0: Ti0s=l: 3.64: 1.11: .14: 1.52: .04: .42; 1.04: .06 
e Biotite, diallage, hypersthene, hornblende. 

The analysis of the rock from the Bitterroot Range shows so great similarity 
to II and III, both of which are representative rocks, that no special calculation 
seems necessary. It contains the same amount of quartz and a more sodic oligo- 
clase, while the potash feldspar is slightly increased, a little muscovite being 
present in I. Analyses IV and V represent local basic modifications. The five 
analyses form a series with gradually lowered SiO„ constant Al, and increasing 
Fe, Mg, Ca. The first three rocks should doubtless be considered as quartz- 
monzonites, though I distinctly approaches the granites. 

In the Bitterroot Mountains streaks of basic magma tic segregations often 
appear, characterized by biotite and hornblende, quartz, orthoclase, oligoclase, 
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and andesine, together with much titanite. Almost normal granites with pre- 
vailing orthoclase were observed west of Little Salmon Meadows and on the head 
of Crooked River. Dioritic modifications were observed near the schist contact 
at Pierce, and in the Clearwater Canyon near Greers Ferry. At the lattcyr place 
a very fine diorite-pegmatite, consisting of ' hornblende and a plagioclase of 
medium acidity, is exposed in a railroad cut near the river. 

Age. — The intrusive character of the granitic batholith is apparent at all 
places where it adjoins adjacent formations. The petrographic character is, on 
the whole, so constant that it seems probable that the whole area is of the 
same age, and a geological unit. The age can not be determined with certainty 
on account of the absence of fossils in the surrounding formations. In the 
southern paii; of the batholith, near Hailey, on Wood River, it has been shown 
that the intrusion is certainly post-Carboniferous." As it has been shown (p. 16) 
that the sedimentary series on the South Fork of the Clearwater, near Harpster, 
is very probably Triassic, u post-Triassic age may, with the same degree of cer- 
tainty, be attributed to the great granitic batholith. 

Diken in (jranite. — On the whole, dikes are not common in the principal 
granite area embraced in this report, even pegmatites and aplites bein^ rare. 
In the eastern foothills of the Bitterroot Valley, however, and along the South 
Fork of Bitterroot River dikes of granite-porphyrj^ and rhyolite are very abundant 
in the granite. The shattered gneiss areas of Horse Creek and Salmon Mountain, 
as well as the more compact areas of Elk City, contain also an abundance of 
pegmatitic, granitic, and dioritic dikes. The gneiss is sometimes injected by a 
great luunber of narrow pegmatite dikelets which have suffered a crumpling at 
the same time as the surrounding foliated rocks. 

GNKISS.* 

In a prevailing terrane of intinisive granite the Bitterroot and the Clear- 
water mountains contain numerous areas of gneissoid rocks of very differing ages. 
Some are later than the granite, of which they indeed, are only a modification, 
caused by peculiarly applied stresses. If the conclusion as to the age of the 
granite is correct, these gneisses are pest-Triassic. Others are of much greater 
age, being probably' older than the associated sediments, which are themselves 
older than the granite. In these sediments no fossils have been found, and their 
true horizon is thus doubtful. Very likely, however, parts or all of this second 
series of gneisses may be of pre-Cambrian age. 

The first and most extensive gneiss area is that which follows the well- 
marked eastern slope of the Bitterroots, and which is clearly nothing but a sheet 

n Twentieth Ann. Kept. U. 8. Geol. Survey, pt. 3, 1900, p. 79. 

b The word gneiw is here used without limitations as to age and origin. 
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PHOTOMICROGRAPHS OF GNEISS OR GRANITE-SCHIST. 

A, Gneiss or granite-schist from near mouth of Tin Cup Canyon; ordinary light, X 20. 

B, Same as A; crossed nicols, X 20. 

C, Gneiss or grarute schist from neai mouth of Sawtooth Canyon, or<linary light, X 20 
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of pressed and deformed granite. It is usually a light-gray, granular, and schistose 
rock, and consists of lenticular squeezed aggregates of oligoclase and quartz 
and deformed ortho<»lase crystals, separated by somewhat curved aggregates of 
new- formed biotite and muscovite. The primary constituents are the same as 
those of the granite. All transitions toward massive granite may be seen. 
Excessive compression results in liner-grained and darker micaceous schists. 
This gneiss is characterized by abundant slipping planes, which show movements 
parallel to the dip, and on which large plates of muscovite have often formed. 
As far as the observations showed, this gneiss is never crumpled and folded liki 
the older gneisses. 

The incipient gneissoid structure may be well observed in the gneissoid 
granite of Lost Horse Pass near Twin Lakes. (PI. V.) Macroscopically it is light- 
gray granular rock of medium grain. The schistose structure is not prominent, 
but indicated by the distribution of the biotite and the lenticular shape of larger 
feldspar crystals. Under the microscope the large grains consist of quartz, 
orthoclase, and oligoclase, very similar to those in the normal granite. The 
biotite is largely recrystallized and converted to stringy aggregates of the same 
mineral partly changed into chlorite. Some muscovite is also present. There 
is an abundant development of new allotriomorphic fine-grained aggregates along 
winding and curving shearing planes. This aggregate consists of feldspar, mostly 
without striations, and quartz: there is also nmch micropegmatite, and in places 
a coarse poikilitic structure. Black iron ore in irregular, sometimes pressed, 
grains as well as apatite and zircon are accessories. 

About halfway up Lost Horse Creek similar but more schistose rocks were 
observed. Their appearance under the microscope is similar to the specimens 
just described; in addition the larger grains are greatly crushed with much cata- 
clastic structure. The normal gneiss from Mill Creek, 2 miles above the mouth 
of the canyon, is a plainly schistose rock with large orthoclase crystals pressed 
into partly lenticular shape. Biotite and a little muscovite lie in flat aggregates 
between streaks of pressed feldspar and quartz. There is much cataclastic action 
and formation of new allotriomorphic aggregates along wavy lines, which indi- 
cate schistosity. Large feldspar and (fuartz grains, when crossed by these lines, 
are greatly crushed. On the whole, however, the rock has great similarity to 
the normal Bitterroot granite. 

Stronger crushing action near the mouth of the canyons simply results in 
emphasizing the characteristics already referred to. The sinuous lines along 
which most active recrystallizing movement is in progress multiply, and at last 
the whole rock is transformed into a fine-grained aggregate traversed by wavy 
streaks of finely distributed biotite and a little muscovite, and in this mass lie as 
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pseudophenocrysts the irregular, more frequently lenticular remains of larger 
grains. These are often cut by parallel cracks which dip about 70° E., and 
which are sometimes opened and filled by secondary quartz, suggesting a stretch- 
ing movement. 

Still further pressure results in dark, fine-grained bands in the coarser gneiss, 
which under the microscope appear to be suffused by extremely finely divided 
biotite with alk triomorphic feldspar and quartz. This mass contains small, 
rounded residur of larger gmins, and the whole imitates fairly successfully a 
fine-grained cla ic rock. 

The second gneiss area is that of St. Marys Peak in the northern center of 
the range and probably underlying the sedimentar}^ Lolo series. This dark-gray 
gneiss is very rich in black mica and weathers to reddish outcrops. It is usually 
crumpled and includes portions or streaks of exceedingly micaceous schists. The 
dip is usually steep toward the west. The origin of the rock is uncertain. 

On the er t side of the Bitterroot Valley the granite, which is presumably 
b t not certainly of the same age as the normal Bitterroot granite, contains 
frequent, well-defined inclusions of a crumpled gneiss, like that of St. Marys Peak. 
It is believed that this gneiss is composed of fragments of a mo* ^. extensive 
formation which had been shattered by the granite. In places the c nite itself 
is somewhat schistose. Dip and strike of these roughly gneissoid re cs, as well 
as those of the inclusions, are characteristically variable. 

The next big gneiss area is found at the very head of the South Fork of the 
Bitterroot, adjoining the quartzitic series of that valley, which probably is identical 
with that of the Lolo Fork; the contact, though diflicult to interpret, probably 
indicates that the gneiss underlies the sedimentary formation. This gneiss, which 
is cut by many granite dikes, consists of medium -grained aggregates of quartz 
and feldspar with some larger deformed crystals of the same kind. The abundant 
aggregates of muscovite and biotite i*un in irregular bands, curving around the 
lenticular patches of quartz and feldspar. It is often contorted and sometimes 
of coarse grain. It contains much microcline and little plagioclase. The schis- 
tosity is variable, but most frequently it dips 40^ E. 

A similar gneiss area, perhaps connecting southward with the one just described, 
is found on Salmon Mountain; it is extensively broken and intruded by granite 
dikes. Both these areas are pretty surely dynamo-metamorphosed granitic rocks 
of much greater age than the Bitterroot granite. 

A much larger gneiss area is that of Elk City. It is elliptical in form 
and extends 40 miles north and south and 24 miles east and west. It borders 
almost everywhere against granite, the contact plainly showing the intrusive 
nature of the latter rock. The gneiss of this area is uniform in character; it is 
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of light-gray color, roughly schistose, and consists of a granular mass of white 
feldspar and quartz, occasionally with larger orthoclase crystals; the aggregates 
of biotite indicate the 8chistosit\\ Microscopically the rock was found to consist 
of quartz, much microcline, grains of oligoclase or andesine, together with much 
black mica and sometimes a little hornblende. Crumpling and folding perpen- 
dicular to the schistosity are usually characteristic. Intruded narrow dikes of 
granite or pegmatite have often suffered the same crumpling. This rock also is 
clearly a dynamo-metamorphic form of a very old granite. The dip is generally 
flat, but characteristically variable. 

An area of gneiss with equally variable strike and dip and also adjoined by 
intrusive granite begins at Pierce. Similar rocks o(»cur in the lower part of the 
canyon of the North Fork of the Clearwater and at Oro Fino, along the main 
stream. Mica-schists, sometimes garnetiferous, and (at Oro Fino) limestone beds 
also occur with gneissoid rocks and the series is probably made up partl}'^ of 
highly altered sedimentary rocks, partly of sheared intrusives, both older than the 
Bitterroot granite. The intense and equally distributed metamorphism of this 
series is probably not due to the adjoining granite, but rather to regional causes. 

TERTIARY LAVAS. 

The distribution of younger igneous rocks in this region is peculiar. A line 
of rhyolitic eruptions of moderate volume follows the Bitterroot Valle3\ ^^ 
basalts or andesites are known to exist here. Within the whole extent of the 
Bitterroot and the Clearwater Mountains no surface lavas of an}' kind have been 
found, but at the foot of these same mountains is spread out a veritable flood of 
Miocene basalts, covering thousands of square miles. Neither rhyolites nor 
andesites are known from this part of the country. 

Rhyolite, — Beginning at the north the first small area of rhj^olite is found a 
few miles west of Florence in the Bitterroot Valley, forming a low ridge near 
the first foothills. Forty miles farther south a much larger area is exposed in 
the bluffs on the east side of the river, forming a succession of tuffaceous, 
vitreous, and felsitic flows several hundred feet thick. This rock breaks through 
the granite and gneiss of the eastern foothills and many long dikes in the vicinity 
indicate its manner of eruption. 

Dikes of granite-porphyry, many of which have a somewhat rhyolitic habit, 
occur along the South Fork above the junction. Between Blue Joint and Over- 
which creeks, well up toward the head of the stream, another not very thick 
rhyolite flow is met with, a small area still remaining on the summit of Crown 
Peak or Castle Rock south of Nez Perce Pass. It filled the bottom of the valley 
to a depth of several hundred feet. In its upper part sedimentary beds and lignite 
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seams are intercalated in the felsitie flows. Still higher up near the head of the 
river, on Lick Creek« a succession of flows of glassy, felsitie, and tuffaceous 
rhyolite is met with; this came down from some point on the divide between 
the South and East forks. 

While the general habit of these rocks unquestionably is that of rhyolites, 
the general prevalence of phenocrjsts of oligoclase suggests that they contain a 
a large amount of soda. No analyses have been made. The age is probably 
Miocene or Pliocene. 

Basalt. — From the last heights along the western margin of the Clearwater 
Mountains the vast plateau of the Columbia River basalU covering thousands of 
square miles, spreads out in a magnificent view. The old Clearwater Plateau, 
rising to 7.<)0» feet above the sea, heavily forested, and deeply trenched by 
canyons, breaks off with rapid slope, and at its foot extends another plateau, much 
better defined, 4.(XM> feet lower, but still 8,(nn» feet alx)ve the sea, its open fields in 
strong contrast to the dark-green Clearwater forests. The canyons are in reality 
much sharper incised than those of the older plateau, but seen from this point of 
view bcKTome indistinct. With a knowledge of the geological structure of the lava 
plateau, we can easily imagine how the molten rock in lapidly succeeding flows 
swept over and buried the foothills, perhaps at most permitting isolated high 
points to project above the lava, until at last these horizontal basaltic sheets had 
frequently attained a thickness of 2,<XX) feet and in a few places even of 4,<X)0 feet. 
The enormous voliune of congealed magma along the foot of the mountains 
danmied the old canyons of the rivers and forced the streams in their lower 
courses to seek new channels. New drainage systems were laid out on the basalt 
plateau: and corrading rivers cleared the parti}' filled canyons of the dannning 
lava and excavated new trenches in the basaltic fields. 

The basalt is a normal rock of its kind, usually an olivine-basalt, with a tendency 
to diabasic granular structure, glass remaining Ijetween the grains. Each of the 
many individual flows is ordinarily scoriaceous on top and more massive in the cen- 
ter. In a few places waterlaid clavs and sands, with local lignites, are intercalated, 
doubtless accumulated by the rivers during lulls in the eruptions. Beds of tuff are 
absent. 

The age of this basalt is generally conceded to be Miocene. The evidence, 
consisting mostly of fossil plants in interbedded sediments, has been gathered 
from various points and examined, chiefly by Professors Knowlton and Merriam.^ 
Xo new evidence as to the age of this basalt has been obtained during this 
recon naissance. 

The original surface of the basalt was no doubt approximately level over large 
areas; still we are not justified in applying hydrostatic laws to the fluid rock, and 

a KnowltOD. F. H.. Bull. U. S. G€ol. Survey No. 108. 1898, pp. l(»-10l. 
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it is very likely that if a focus of eruption was located high up on a mountain 
side the flows might have an initial dip of several degrees down to the level at which 
the main valleys were flooded. No positive evidence as to the manner of eruption 
has been obtained. As a negative bit of evidence it may be stated that no basalt 
dikes of any kind have been found along the western margin of the Clearwater 
Mountains. The only focus thus far discovered along the eastern shore of the 
basalt plain is that described in a previous publication " and located at elevations of 
up to 8,000 feet on the eastern slope of the Eagle Creek Range, in Oregon. As 
has been surmised from the great fluidity of the lavas, the magma seems to have 
been emitted from a great number of short dike fissures in quiet and continuous 
streams. 

Orographic dislocations have caused two folds in the level surface of the lava 
plateau. Most important among these is, first, the synclinal depression centering 
in Lewiston and bordered on the north by the monoclinal fold of the Clearwater 
escarpment; and second, the gentle anticline of the Craig Mountains, separating 
the Lewiston Plateau from Camas Prairie. 

Slow earth movements on a grand scale are also believed to have affected the 
lava plateau. The principal movement seems to be a universal depression, perhaps 
induced by the extrusion of vast basalt masses from the interior. From a study 
of the courses and canyons of the antecedent rivers, like the Snake and the Salmon, 
it is surmised that certain marginal portions of the plateau irmy have been raised 
above the original level and that the extraordinarily deep canyons have resulted 
from an erosive trenching progressing simultaneously with this uplift. 

QUATEKNARY FORMATIONS. 

The distinctly Quaternary deposits of this region are principally those con- 
nected with glaciation. Heavy moraines lie at the foot of the southern part of 
the Bitterroot Range, and glacial accumulations are found in all the valleys 
descending eastward and westward from their crests. From the Nez Perce to 
the Lolo Pass this range was covered by a sheet of n6v^ and ice. Smaller 
moraines indicating a local glaciation are found on Salmon Mountain, The Crags, 
Buffalo Hump, Grave Peak, Rhodes Peak, and the Rocky Ridge, but over a 
larger part of the Clearwater Mountains below an elevation of 7,000 feet, as 
well as along Lolo Fork and the South Fork of the Bitterroot River there is 
no indication of glaciation. It is also believed that the larger part of the Coeur 
d'Alene Mountains was free from ice during the Glacial epoch. South of 
MuUan Pass and generally near the highest points there is some evidence of 
local glacial basins. In this more northerly region the limit of glaciation seems 
to lie a little lower than in the Clearwater Mountains. 

alindgren, W., Twenty-second Ann. Kept. U. S. Geol. Survey, pt. 3, 1902, pp. 740-742. 
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Deep gravels accumulated in the valle}^ of the Bitterroot River and its branch 
streams during the Glacial epoch and, since its close, have been gradually exca- 
vated and terraced. The bottom lands along the rivers and the dried-lake basins 
in the glaciated district are the most recent Quaternar}' deposits. 

GEOLO(".ICAL HISTORY. 

An exact statement of the geological history of this region is difficult to give 
on account of the few exactlv determinable datum planes. There are really only 
two determinations of time on which we may rely. The first is the date of 
the Columbia River lava as Miocene; the second is the Glacial epoch as early 
Quaternary. Back of the Columbia River lava the ages given for the sedimenta- 
tions, intrusions, and dislocations are only tentative. 

The oldest rocks known are probably the gneisses of the Clearwater Moun- 
tains; more recent than these are the sediments of supposed pre-Cambrian, 
Carl)oniferous, and Triassic age. We may conceive a post-Triassic uplift of 
great importance, followed or accompanied by vast intrusions of granit^^ the 
granite of the Bitterroot, Clearwater, Salmon, and Coeur d'Alene mountains. 

We ma}'^ further, with great probability, assume a long-continued erosion, 
which planed down this uplift to the moderate relief of the Clearwater, Salmon, 
and Coeur d'Alene plateaus, and which exposed the intrusive granite by the 
removal of great masses of covering sediment*. 

Going one step further, it is necessary to assume a second great and evenly- 
distributed uplift which raised this eroded surface several thousand feet al)ove 
the sea, an uplift of post-Triassic and pre-Miocene age. This was probably 
accompanied by breaks along what is now the western margin of the plateau, and 
was necessarily followed by the establishment of the systems of the Bitterroot, 
Clearwater, and the Salmon rivers. These streams trenched the plateau broadly 
and deepl}% with the result that their canyons during the Miocene epoch were cut 
to a depth equal to that of the present day. The relations of the Columbia River 
lava to the old topography prove this on the western side, and similar evidence 
is adduced for the South Fork of the Bitterroot, by the fact that the rhyolites 
there filled a valle}' coinciding in depth and configumtion with that of to-day. 

Going back a little further from the Miocene datum plane, perhaps to a 
time when the Bitterroot River first flowed over the uplifted plateau, which 
probably reached far into Montana, a dislocation of great importance occurred 
along what is now the Bitterroot Range. This dislocation, the beginning of 
which perhaps scarcely antedated the close of the Cretaceous period, extended 
for 60 miles north and south, only bending westward close to its southern end. 
This fault plane was inclined eastward at angles up to 26- from the horizontal, 
and the rocks along it bear evidence both of molecular and molar movement: 
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the former expressed in schistosity, the latter in striated slipping planes. The 
direction of the movement was that of a normal fault, and seemed to have been 
of a stretching and shearing character. The foot wall seems to have moved up 
as expressed by the raising of the Bitterroot Range above the general level 
of the Clearwater Plateau. The hanging wall seems to have moved down as 
expressed by the apparently structuml trough of the Bitterroot Valley. The 
minimum amount of the dislocation along the plane of fault is 2 or 3 miles; the 
minimum horizontal component would be but little less, while the corresponding 
vertical component is about 5,000 feet. The evidence tinally shows that move- 
ment along this dislocation has proceeded for a verv long time, and probably still 
continues along certain parts of the fault. The flat dip of the fault plane has 
naturally aided the preservation of the record. 

During the- latter part of the Miocene epoch, important events happened. 
The western foot of the Clearwater Mountains was flooded by basalt, poured out 
through fissures in enormous volume. The foothills were covered by rapidly 
succeeding outbursts of very fluid lava, piled up in a great number of thin 
flows, which had a maximum thickness of 4,000 feet, and finall}' reached a level 
of about 3,000 feet above the sea, as the land stands to-day. The lower river 
courses were entirely changed; while the canyons of the Clearwater Mountains, 
though dammed by basalt, still preserved their form and direction. 

The last pait of Tertiarv time, and perhaps the beginning of the Pleistocene, 
was occupied by the rivers on the western slope in undoing the constructive work 
of the earlier eruptions. Steep and sharply incised canyons were eroded along 
new stream courses along the lower Clearwater and the Salmon rivers, while 
the trunk stream of the Snake River cut out an entirely new course from Wieser 
(at the lower end of the Great Snake River Valley) to its mouth. The canyons 
were cleared of accumulations, and at the beginning of the Glacial epoch the 
rivers of the western slope had trenched their canyons very nearly to the depth 
they have to-day. The filling of the canyons b}' lava had probably, in most 
cases, produced accumulation of gravel terraces along the upper parts of the 
watersheds, and of such chamcter are probably the auriferous terrace gravels 
of Elk Cit}', on the South Fork of the Clearwater, the highest level of which 
reaches 4,500 feet in elevation. In the lower stream courses the pre-Miocene 
drainage channels now lie below the bottom of the present streams; from this it 
seems probable that a large part of the field of the Columbia River lava has 
undergone a subsidence since the time of the eruptions; a subsidence probably 
caused by the eruption of large masses of magma from the interior of the earth. 
Minor folds have occurred in the once horizontal lava beds, as near Lewiston. 
Finally, the courses of the Snake River and the lower part of Salmon River seem 
to indicate that an uplift has occurred along certain marginal parts of the lava 
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plateau; the deepening of the canyon keeping step with the rate of the uplift. 
Onij on such a nupposition can we account for the abnormally deep canyons, 
which sometimes are cut 5,0(M) feet below the plateau surface. 

On the eastern slope the happenings of late Tertiary time are less easily 
traceable, but it is probable that the damming by basalt of the Clark Fork of the 
Columbia and the subsidence of Bitterroot Valley along the great fault made a lake 
Imsin of this valley for a limited time. 

One of the last events in the geological history is the glaciation which during 
the later part of the Quat4»rnary period covered the whole Bitterroot Range with 
ice and snow and produced the extremely rugged forms which now chara(*terize 
its surface region, (jlaciers extended to the mouth of the eaMtern canyons of the 
range and also far down into the Clearwater drainage. Great moraines were 
accunmlated at the southern end of the Bitterroot Mountains. The Clearwater 
Mountains were not uniformly glaciated, but contained numerous small glacial 
centers, such as The Crags, Grave Peak, Rocky Ridge, Salmon Mountain, and 
the Buffalo Hump region. From causes not clearly recognized as yet, the Lolo 
Fork, the main valle.}-, and the South Fork of the Bitterroot River were during 
the Glac'ial epoch filled with gravels to a height of 400 or 5(M) feet above the 
present level of the stream. Similarly, we find evidence of a damming of the 
Snake and the Salmon canyons, with accompanying accumulation of sands and 
gravels to a depth of about 300 feet. Less evidence of this kind is available 
from the Clearwater system, though this also must have been similarly filled. 

Finally these accumulations were removed, and during this clearing out the 
t<»rraces and bottom lands which now line the Bitterroot Valley were formed; 
gravel ))ars were left in places along the lower Clearwater, the Salmon, and the 
Snake; morainal material was worked over and terminal moraines trenched; 
basins of glacial lakes were filled and converted into meadows. 

Beyond this there has been only a slight deepening of the (ranyons of the 
great rivers. In glacial regions the marks of the ice seem as if dating from 
yesterday. Except in the region of the Columbia River lava, the rivers have 
deepened their channels but little since early Tertiary time. The influences causing 
this nitiirdation arc the Miocene lava dams, the post-Miocene subsidence, and the 
obstructions to the rivers during the Glacial epoch. 

BITTERROOT VALLEY. 
TGPOOKAPHY. 

Bitterroot Valley extends, properly speaking, from the point where the Lolo 
Fork enters the Bitterroot River to a point 5 miles south of Darby, where the 
river splits into two main branches. It is a well-marked depression about Go miles 
long and up to 9 miles wide in its broadest portion, with a nearly north-south 
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direction. In the upper 15 miles its width is only from 2 to 4 miles. Westward 
the Bitterroot Range rises with its remarkably even slope and deeply incised 
canyons, while eastward, with gentler slope and far less pronounced outlines, are 
the foothills which gradually lead up to the main divide of the Rocky Mountains 
toward Phillipsburg. The Bitterroot River pursues its course in a northerly 
direction with an avemge grade of 20 feet per mile, receiving many tributaries 
from the western mountains and a few from the much more arid eastern foothills. 
Those from the west, which generally have an east-west direction within the range, 
are usually sharpl}^ deflected northeasterly, where they debouch into the valley. 

CULTURE AND VEGETATION. 

Owing to a moderate elevation of from 3,900 to 3,150 feet, good soils, and 
excellent water supply, the Bitterroot Valley forms one of the most prosperous 
agricultural areas of Montana. There are many little towns, the largest among 
which is Hamilton, picturesquely situated in the middle of the valley, with 
beautiful view across to the serrated and snowy ridges of the Bitterroot. The 
hardier fruits thrive, as well as cereals and forage plants, but irrigation is 
everywhere necessary. Along the river is a moderate growth of deciduous trees 
and a few pines; the gravel terraces and the eastern foothills are partly open; 
while the lower hills of the Bitterroot Range are covered by thick timber. 
The forests and soils of this region have been described in much detail by Mr. 
J. B. Leiberg.« 

GEOLOGY. 

QUATERNARY. 

A large amount of Quaternary deposits lie in the deep trough of the 
Bitterroot Valley, and there is evidence that it was once filled to a much higher 
level than at present. The greater part of this material is doubtless derived from 
the moraines and glacial streams which came down from the valleys of the 
western range, but much of it has also been brought down from the canyons of 
the upper river. 

At the forks of the river, 25 miles south of Hamilton, the alluvial bottom 
lands are about 1 mile wide and continue with the same width downstream toward 
Grantsdale. From this point northward to the end of the valley the bottom lands 
are ordinaril}' several miles wide. These latest alluvial deposits are throughout 
the valley flanked by gravellv terraces, often several miles wide. Near the forks 
of the river and upstream toward Darby there are at least two prominent 
terraces on the west side at elevations of 100 and 200 feet above the river. 
In some places these are sharply defined and at others merge into the slopes of 
the valley. The highest is at an elevation of about 4,100 feet. Near the river 

oNlneteenth Ann. Rept. U. 8. Geol. Survey, pt. 6, 1899, pp. 253-282. 
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are lower gravel terraces, 8 and 30 feet above the water level. The upper 
terrace leans against gradually rising hills of heavy moraines. On the east side 
there are few terraces south of Grantsdale, for the river is closely crowded 
against the rocky foothills of that side. From Grantsdale north the terraces 
become wider. East of Roaring Lion Creek there is a 30-foot terrace on the 
west side of the river, with a gradual slope covered with heavy gravel wash, which 
extends to the first moraine at the mouth of the canyon, which is 400 feet above 
the river and at an elevation of 4,000 feet. Similar relations obtain at the mouth 
of Mill Creek, except that the gravel is finer and more sandy. 

At various places between Curlew mine and the mouth of Bear Creek the 
gravel terrace contains much quartzite in large cobbles, the origin of which seems 
somewhat doubtful, as there is not much quartzite in place close by. At the 
Curlew mine the gradual gravel slope reaches up from the river to the foothills, 
200 feet above. On a spur 500 feet above the mine and 700 feet above the river 
lies a patch of well-washed gravel, the elevation of which (4,033 feet) must indi- 
cate the height to which the valley was once filled. Immediately north of Big 
Creek the gravel again reaches up to an elevation of 4,000 feet. 

Near Florence, in the northern part of the valley, the gravel terrace skirts 
the river, the banks being 20 feet high in places. From the Curlew mine north 
the gravel contains much coarse, micaceous gneiss and the sands are full of mica. 
The evidence, as far as it goes, indicates that during the Glacial epoch the Bitter- 
root Valley was filled with gravels and sands to an elevation of about 4,000 feet 
along the margins, and that the grade of the river was then less than at present. 

No direct evidence of the former existence of a lake within the valle}'' has 
been found. The east side, however, has not been carefully examined, and from the 
general configuration it would seem possible that this depression, like many other 
intermontane valleys of this region, was occupied by a lake in late Tertiary time." 

It seems highly improbable that the Bitterroot Valley, at least north of 
Grantsdale, has been formed by erosion alone. It bears too many characteristics 
of structural valleys, and it seems not out of the way to tentatively associate its 
origin with that of the great range to the west of it. This subject will be 
referred to again in the description of the mountains. 

EASTERN FOOTHILLS. 
TOPOGRAPHY. 

As far south as Skalkaho Creek the foothills on the eastern side of Bitter- 
root Valley are low, ascending gradually in many low spurs from gravel terraces. 
"The crest line lies about 30 miles east of the valley, but as a continuous ridge 



a Mr. Bailey Willis states (orally) that he found soft, clayey beds, probably of lacustrine origin, on the north side of 
Skalkaho Greek, in the first foothills, a few miles from Hamilton. These beds dip westward at an angle of 80°. 
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is scarcely so definite and well marked as the summit of the western watershed. 
The ultimate divide is the main range of the Rocky Mountains, but the inter- 
mediary ranges, radiating in all directions, form so many sepamte divides that 
the central backbone is lost sight of. The canyons that enter the valley from the 
east are not so numerous nor so regularly arranged as are the western affluents. 
The divides between them rise from the valley with easy gradients, presenting 
fronts many miles in width that are seamed and scarred with shallow and irregular 
gulches, sometimes cutting back several miles in the fronting portion of the spur."« 
South of Skalkaho Creek the spurs advance close to the river, presenting a steep 
front in places over 1,000 feet high. The irregular maze of closely crowded ridges 
gradually attains elevations of over 7,000 feet in the complex of hills a few miles 
east of Darby, which still is many miles distant from the main divide. 

GEOLOGY. 
SEDIMENTARY SERIES. 

While the prevailing rock east of the river appears to be a granite or gneiss, 
there are also considerable areas of a sedimentary series, chiefly quartzite or cal- 
careous quartzite. The age of this series is in doubt, as no fossils have been 
found, but there is considerable similarity to certain parts of the Lolo Fork 
series and the rocks may well be of the same age. As on Lolo Fork, the con- 
tacts with the granitic rocks indicate the intrusive character and later age of the 
latter. 

In the foothills east of Victor the first outcrops of older rocks consist of 
compact quartzites dipping 27^ to 48^ W. Larger areas of quartzite appear in 
Skalkaho and Weeping Child creeks, a few miles distant from the valley. On 
Skalkaho Creek the beds dip 45^ to 55° N. or NE. On Weeping Child Creek 
about 5 miles above its mouth is a narrow belt of quartzite, with a dip of 85^ 
NW. This continues across to Skalkaho on the north and can be followed south- 
westerly across the spurs to a steep bluff on the Bitterroot River, a short distance 
north of Como post-oflice, where the dip is 38° SE. Small croppings of quartzite 
are even found in places below the gravel terrace on the west side of the river. 
Beyond the first belt of quartzite on Weeping Child Creek granite or gneiss is 
exposed for a distance of 2 or 3 miles; the quartzites then come in again with 
varying though generally flat dip, and near the Hot Springs are interstratified 
with micaceous schists. The series is evidently both folded and faulted. 

CONTACTS. 

On both creeks the contacts with the granitic rocks are well exposed and 
show that the latter are of unquestionable intrusive character. At the main contact 
on Skalkaho Creek the quartzite is magnificently intmded by branching dikes of 

aLeiberg, J. B., Nineteenth Ann. Kept. U. 8. Geol. Survey, pt. 5, 1899, p. 2S6. 
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normal granitic rock; near the granite the quartzite contains bands of biotite- 
schists and is largely converted into banded hornfels with malacolite and biotite. 
Inclusions of these rocks are also contained in the granite. In places the granite 
dikes are pegmatites with much quartz. At the first contact in Weeping Child 
Creek the same phenomena are seen. Many of the granitic dikes here follow the 
bedding planes of the quartzite, while in the section described above they mainly 
break across them. The same contact metamorpliic rocks are noted. 

GRANITIC ROCKS. 

The larger part of the foothills east of the river is occupied by granites and 
gneiss, the relations of which seem rather complicated. Much of the granite is a 
normal, massive, light-yellowish gray rock similar to that of the central Bitterroot 
Range and, like that, containing l>oth biotite and muscovite. The grain is apt to 
vary and some specimens contain large orthoclase crjstals. Such rocks are found 
on the lower Skalkaho and southeast of Darby. Larger and smaller fragments 
of gneissoid rock, rich in black mio^ and with contorted planes of schistosity, 
frequently occur as inclusions in this granite. Over large areas the granite itself 
has acquired a roughly schistose structure. This is seen on lower Weeping Child 
Creek, where the schistosity has an east-west direction, and in the hills east of 
Darby, where it strikes from N. 15^ W. to N.* 50^ E., the dip being either westerly 
or easterly from 45° to 60°. 

The most probable interpretation of these facts is that an old pre-Cambrian 
series of quartzite and of still older true gneisses was intruded by granite similar 
in age and type to the Bitterroot granite. While large quartzite areas are left, 
•the contorted inclusions are the only remnants of the gneisses. The granite has 
subsequently by irregularly acting forces acquired local rough schistosity in various 
directions. The included gneiss fragments can not reasonably be interpreted as 
contact metamorphic parts of the quartzite series. The roughly gneissoid granites 
are very different from the strongly compressed gneisses of the Bitterroot Range 
and probably did not result from the same kind of stresses which were active at 
that place. 

DIKES. 

The granitic rocks contain abundant dikes of granite-porphyry, dark diorite- 
poi-phyr}^ and rhyolite. 

RHYOLITE. 

For a few nodles south of Como post-office the east side of the river up to 
a height of 1,000 feet is lined by precipitous bluffs which are formed by a series 
of rhyolite flows dipping about 45° to 60° SE. A thickness of several hundred 
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feet is exposed and the succession from the base up is as follows, the flows 
resting on gneissoid rock: 

Section near Como post-office. 

(1) Columnar rhyolitic tuff, weathering soft. 

(2) White rhyolitic tuff, weathering soft. 

(3) Red felsophyre, weathering brown. 

(4) Soft white rhyolite. 

(5) Massive white rhyolite. 

(6) ^Vllite breccia, with dark bands. 

(7) Reci felsophyre, with green and black bands of vitrophyre. Rhyolite is also found in a 
few places on the west side of the river covere<l by Quaternary terratre gravel. 

LOLO FORK AND NORTH END OF BITTERROOT RANGE. 

TOPOGRAPHY. 

At Lolo post-office, 35 miles north of Hamilton and 10 miles south of Mis- 
soula, the foothills of the Bitterroot Valley advance close to the stream, and 
this point may be considered as the end of the valley, properly speaking. Near 
the same place is the northern termination of the Bitterroot Range. From Lolo 
Peak, about 9,000 feet in elevation, the slopes descend abruptly toward Lolo 
Fork, an important tributary of the Bitterroot River; north of Lolo Fork the 
complicated system of timbered ridges which mark the beginning of the Coeur 
d'Alene Mountains rarely attain 7,000 feet above the sea. 

Along Lolo Fork for a few miles above its mouth the bottom lands have a 
maximum width of one-half mile, and are bordered on both sides by gradually 
rising hills. Soon, however, a canyon begins with flat though narrow bottom,* 
and this is practically continuous to the head, the slopes rising steeply on both 
sides for a few hundred feet, continuing then along more gently inclined ridges. 
About 20 miles from the mouth an important tributary is received from the 
north, and near this place the valley widens and contains some meadow land at an 
elevation of 3,700 feet. A well-marked terrace is noted 500 feet above the valley, 
and from this the long ridges gradually ascend to elevations of 6,000 feet or 
more. An excellent view is afforded from them southeasterly toward the snow 
fields and serrated peaks of the Bitterroots, and northwesterly over the monot- 
onous, heavily timbered ridges of the Coeur d'Alene Mountains, scarred by the 
tracks of extensive forest fires. 

Above the North Fork the canyon continues for 10 miles to Hot Springs where 
the stream forks again, one branch extending 10 miles westward and heading near 
Rhodes Peak, while the other comes down with northerly direction from Lolo Pass, 
8 miles distant. 

5995— No. 27—04 3 
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Lolo Fork thus runs from west to east just north of the Bitterroot Range and 
may be considered to mark the boundary between this range and the southern part 
of what, in this report, has been called the Coeur d'Alene Mountains. Its length is 
about 40 miles, and its southern fork cuts in back of the main divide of the Bitterroot 
Range. A wagon road leads up to the Hot Springs (elevation 4,100 feet), a favorite 
summer resort with baths, and at this place the Lolo tml begins. In 1899 this part 
of the trail was in very bad condition, due to fallen timber between which the 
path runs in most eccentric curves. A gradually ascending ridge leads up to the 
divide which has an elevation of only about 5,200 feet. Lolo Pass is a broad, flat 
depression between the westerly spurs of the Bitterroots and the projecting ridges 
of Rhodes "Peak in the Clearwater Mountains. Deep soil and extremely thick forest 
with underbrush cover the hills, between which extend a series of swampy meadows. 
A few miles westward the trail crosses the North Fork of the Lochsa Fork and 
views are obtained over the Clearwater Mountains, heavil}^ forested, with deep 
though not precipitous canyons and with slightly undulating skyline. In many 
places white exposures of granite gleam in the openings of the forests. 

GEOLOGY. 

SEDIMENTARY SERIES. 

For a distance of 20 miles in a stmight line westward from its mouth Lolo Fork 
cuts across a sedmieutary series with a general northwesterly strike and prevailing 
northeasterly dip. Near Hot Springs this series is cut ofl' by intrusive granite, the 
contact line thence curving southward toward Lolo Pass. This same series occupies 
the exti-eme northern slopes of the Bitterroot Range and probably also Lolo Peak. 
Along the eastern front of the range it reaches down to the mouth of Carlton 
Canyon, 7 miles south of Lolo Fork, where it again is cut off by intrusive granite; 
thence the contact probably extends westward toward Lolo Pass. The micaceous, 
contorted gneiss of St. Marys possibly connects with the sedimentary area. 

These sedimentary beds, which may be provisionally designated as the Lolo 
series, derive additional interest from their probable identity and continuity with 
the series occupying the entire width of the Coeur d'Alene Mountains, 90 miles 
northward, and extending from the lake of the same name on the west to Clark Fork 
of the Columbia on the (»ast. In neither case has the age been estii))lished, no trace 
of fossils having thus far been found. That the beds are verv old is evident; they 
may even l)e pre-C^anibrian. 

The stud}' of the series began at th(^ mouth of Lolo Fork close to the Lolo 
post-office. Cyherty limestone and (juartzite crop here with northwesterly strike, 
adjoined 1 mile farther up the fork by a niirrow belt of purple shale or slate. 
Three miles above begins the mouth a broad belt of (juartzite-schist with north- 
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westerly" strike and a dip of 83^ NE. Going up Mormon Gulch, which empties 
into the fork near its mouth and heads near Ix)lo Peak, shales and chert}' lime- 
stone are noted; these beds have a southwesterl}'^ dip of 55^; alwve them on the 
same gulch begins the same micaceous quartzite-schist which was observed on 
the main fork and which contains a few aplitic dikes. 

In the main fork the quartzitic schists continue for several miles'. The 
schist, which is clearly of sedimentary origin, splits easil}^ in slabs coated with 
muscovite. Just }>elow Westerman's much, 5 miles from the mouth of the river, 
a belt of thick-bedded quartzites crosses the canyon. The next part of the 
series continues for 2 miles and consists of calcareous quartzite with some shal}' 
limestone, with same northwesterly strike and northeasterly dip. Half a mile 
al>ove Woodmans Creek this is adjoined by heavy ])edded quartzite, continuous 
for li miles. The canyon now becomes narrower, and schists of a greenish color, 
probably largely altered eruptives, predominate. One mile below Spark's ranch 
a dike of quartz-diorite crosses the canyon; alK)ve this a white quartzitic schist 
is extensively developed, striking N. 44"^ to 74^ W., and dipping 35^ to 45^ NE. 
A long ridge north of Spark's ranch was ascended to a point 2,000 feet above 
the valley and the series was here found to strike nmch more northerly, mnging 
from due N. to N. 15^ W., and dipping about 20^ W., implying some kind of a 
break between this part and the rocks exposed in the canyon. The beds are 
banded, calcareous rocks, greenstone-schists, and a large amount of purple slates, 
very similar to those near the mouth of Lolo Fork. 

The white quartzitic schists continue with the same dip for several miles 
above Spark's, when they run over into cherty banded and streaked calcai-eous 
quartzites which do not appear very much altered. In spite of careful search no 
definite fossils were found. One dike of diorite-porphyr}- was obsorved on the north 
side of the river. The remaining distance of about 6 miles up to the granite 
contact near Hpt Springs is occupied by banded and calcareous cjuartzites, inter- 
stratified with dark slates. While this series contiiins lime, it is not so distinctly 
calcareous as that exposed at the mouth of Woodmans Creek. Thc^ strike^ swings 
more to the west, being from N. 60^^ to 80 W. The dip is prevailingly from 
15^ to 45"^ NNE. In a straight line the disUmce from the mouth of the fork up 
to the contact is 20 miles, but except in the lower part the liver does not cut 
squarely across the strike. No estimate of thickness of this series can be 
attempted on the basis of the foregoing observations, but it is apparent that it 
must be considerable, even allowing for folding, faulting, and repetition. There 
is a noticeable absence of pyritic impregnation, (juartz veins, and dikes. While 
the series contains some sheared eruptives, there is certainly no great amount of 
this kind of rock. 
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LOLO CONTACT. 



Just below Hot Springs, near the mouth of Granite Creek, is a sharp contact, 
though the actual contact plane is not well exposed and the drainage basin above 
this point is occupied by granite. The contact crosses Granite Creek near its 
mouth, and thence for many miles continues with a general direction of N. 80^ 
W. To the south the contact changes its direction and appears to follow prett}' 
close to Lolo Fork. Near Lolo Pass irregular areas of metamorphosed sediments 
were observed. The thick vegetation and deep soil give few opportunities for 
studv of the rocks. 

For several hundred feet from the contact the quartzitic slates are ver}- crys- 
talline, and minerals and structure typical of contact phenomena have developed in 
them. The exposures on the ridge east of the Hot Springs are not good, but at 
the contact the slates are very micaceous. The calcareous rocks have been altered 
to malacolite-hornfels, while the pure quartzite has obtained a dense flinty struc- 
ture. A granite-porphyry with bipyramidal quartz crystals often appears on the 
immediate contact. The excellent outcrops, 1,200 feet below Hot Springs in the 
creek, show greenish crystalline schists, striking north-south and dipping 80^ W. 
These schists contain many small dikes of muscovite-gmnite, aplite, and pegmatite, 
some containing tourmaline. A specimen 20 feet from the actual contact which 
is covered shows a biotite-andalusite hornfels with abundant tourmaline. The 
alteration decreases rapidly, though a specimen collected 1,000 feet below the con- 
tact, on Lolo Fork, appearing like a dark-gray, flinty quartzite, still shows 
the structure of hornfels and contains tourmaline. Half a mile below the contact 
banded slates appear with normal strike and dip, and very little altered, the chief 
evidence being little spots and knots on the cleavage faces. A few dikes of 
granite-porphyry were noted at this place. 

The intrusive character of the granite into the Lolo sedimentary series is the 
main point established. 

CAKLTON CREEK CONTACT. 

As might be expected, the quartzitic schists and quartzites of the lower Lolo 
Fork continue with northwesterly strike across the ridge between that river and 
the main Bitterroot Range, and are found along the foothills for 7 miles south of 
the junction. Quartzite is exposed to a point three-fourths of a mile north of the 
mouth of Carlton Creek Canyon, where knotty slates are interbedded and show 
strikes of N. 45^ W., dip 45^ NE. The slates are micaceous and contain in places 
abundant narrow dikes of pegmatitic and aplitic granite 5 to 6 inches wide, 
chiefly intruded \>aralle1 to the coinciding planes of schistosity and bedding. 
Going southward, more quartzite follows, and at Carlton Creek the contact of the 
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sedimentary series with the granitic is reached. One of the interesting points of 
this contact is that the intrusive rock here consists of the normal gneiss of the 
Bitterroot front slopes, itself a dynamo-metamorphic development of granite. 
At this place the gneiss is imperfectly schistose, but the dip is* from 15^ to 18^ E. , 
as at most points farther south. About 2 miles above the mouth of the canyon 
this gneiss seems to gradually change into the normal granite abundantly exposed 
on the slopes facing north. The exact place of contact between gneiss or granite 
and quartzite is somewhat in doubt, so gradually increasing is the injection of 
the latter by pegmatite and granitic rocks. That this contact, too, is intrusive 
admits of no doubt, and it is accompanied by a more intense contact metamor- 
phism than at Hot Springs on Lolo Fork, probabh% because the series is here 
fractured across the bedding planes. In some places the interstratitied clay slates 
are converted to gneissoid mica-schists. The zone of metamorphism extends at 
least three-fourths of a mile northward from the contact. 

GNEISS OF ST. MARYS PEAK. 

Eighteen miles south of the northern end of the range, St. Marys Peak rises 
to an elevation of 9,300 feet or 6,000 feet alx)ve the level of the valley. As 
usual in these mountains the culminating points are situated a few miles east of 
the main divide. The long ascent from the valley leads over the usual sheared 
granite of the front of the range, with its constant easterly dip. But at about 
an elevation of 7,000 this changes without clearly exposed contact to a very con- 
torted and entirely different gneiss, very rich in black mica and weathering with 
reddish color. Streaks and patches with fairly well-marked outlines of fine- 
grained, also contorted, mica-schist are embedded in this. These rocks have, on 
St. Marys Peak, a northerly strike and a westerly dip of about 70"^. The area 
clearly extends southward across Big Creek. As evidenced by the detritus 
brought down to the valley by the creeks, similar rocks also occupy considerable 
areas to the north of the peak. A short distance westward the normal granite 
begins, and is well exposed in the glaciated outcrops. The age and origin of the 
St. Marys gneiss has not been determined. A possible explanation is to consider 
it simply as an extreme facies of contact metaniorphic action on the Lolo series, 
and this view receives some support from the fact that small amounts of some- 
what similar rocks were observed at the Carlton Creek contact. But the area is 
too uniform and large and the absence of quartzites is too conspicuous to allow 
this explanation to stand. Considering the relations in the southeastern and 
southwestern parts of the Clearwater Mountains, it is more probable that it is 
an independent and older gneiss, very likely of Archean age^ which underlies the 
Lolo series and which, like those beds, was invaded and ruptured by intrusive 
granite. 
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(4KAXITK; QIARTZ-MON'ZONITK. 

A grimito of the nonnal appearance of the Bitterroot variety occupies the 
drainage basin of Lolo Fork, above Hot Springs, and of (rranite Creek. The 
ro(;k which near the Springs forms light-gniy, large, partly rounded, outcrops of 
typical form, is coarse grained and contains both }>iotite and nuiscovite. An 
analysis woukl probably bring out its close relationship to quartz-monzonite. It 
contains nnich gniyish orthoclase, besides perthite and a little microcline as well 
as an acid oligoclase. The diameter seems constant as far as observations wen* 
extended. A few miles west of Lolo Pass a few outcrops of pyroxenite were 
noted; beyond this the normal muscovite-gmnite ])egins again, and from the 
appearance of tlu^ outcrops, seems to occupy the whole of the last end of Lolo 
ridge in the ClearwattM- Mountains and the larger part of the countr}' visi})le to 
the south of the Lochsa Fork, includnig the prominent mass of Grave Creek. 

(a'ATKHXAKY. 

The only de|X)sits })elonging to the Quat<»rnary period, noted in the Lok) 
drainage, are the narrow meadow lands appearing at intervals in the usually tlat 
bottom of the Lolo Fork and the high terrace near Sparks's ranch. While in 
the lower part of the stream no gravel t<>rraces were observiKl, an extensive bench 
of coarse grav(4, de(»ply cut l)v the river and its gulches, forms a prominent 
feature near the j miction of the tirst important branch from the north, 14 miles 
a})ove the mouth of the river. Steep declivities lead up from the bottom lands to 
this terrace, which ]^roba))ly occupies an area of s(»veral square miles on ))oth sides 
of the river. The well-wash(»d gravel begins at an elevation of 4(K) feet above the 
stream and roaches up to 550 feet (el(»vation 4,3(K) feet); above it rise long, gently 
sloping ridges of slate and other sedimentary rocks. 

This occurrence* is inten»sting as it shows that during some part of the 
Quatxn*nary period Lolo Fork, like the main Bitterroot River, was tilled i)y sands 
and gravels to an elevation sev(»ral hundred fe(»t above the present river ])ottom. 

No eviilence of glaciation was noted along Lolo Fork, though it is probable 
that the k'c streams of the Bitterroot Kange extended westward to a point nc^ar 
Lolo Pass and that the meadow lands at that place are of glacial origin. 

BITTERROOT RANGE. 

TOPOC.KArilY. 

As detined in this report, the Bitterroot Kange extends from the head <»f 
West Fork of Bitterroot River and the Xez Perce Pass on the south a distance 
of (>5 miles almost dvw north to Lolo Fork. Its imposing front, with deep 
canvons and snow-flecked seiTated ridges, overlooks the Bitteri'oot \'allev on the 
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oast, while westward its slopes soon merge into the disseeted hit^h platiMiu of the 
Clearwater ^lountains. Its height is (•onsidera})le, though many ranges of the 
west easily exccMnl it in this respect. Near tlu^ southern end El (ya})itan and 
Trapper Peak nearly reach or exceed In.ooo feet, but the average elevations of 
its highest sunnnits is more nearly 1»jmm> f(»et. These elevations are very constant 
throughout the range, which thus rises sonu»what less than <),iMM) feet above 
Bitterroot Valley. North of Lolo IVak and south of Boulder Pe^ik the elevations 
decrease conspicuously, few points exceeding 8.00(> feet south of the* Boulder Peak 
or 7,000 feet north of Lolo Peak. The range* is chamct^rized l»y son'ie very 
singular and constant topographic features, of which the most striking, perhaps, 
is the regular and even slope toward the valley. From IjoIo Peak to Nez Perce 




II 



^^m^.^^:^n3^^>^^^lf^^^ 







Fkj. 2. — BitternK)t Range, lookinfJT in»rtlnvc'st from Hamilton: showing g(?ntle ea.stward dip of piiciss zone and 
(li'C'i.ly incised <'anyons of Blcwlg^ett and Mill ereeks, with preeipkous 8i<les. 

Pass this slope is nearly constant at anghvs langing from 18 to 26 . Its width 
varies from 2 to 4 miles. IMs. IV, VI. />\ VII, /A IX, A. and X and tigs. i> and 3 
show tin* appearanc(» of this slope from various jjoints in the valley. From the 
summit of this slope, east-west ridges extend toward Clearwater to the divide which 
forms the boundary line l>etween ^Montana and Idaho. Thes(» ridges are usually 
narrow, extremely jagged, and rough, Init their highest i)eaks do not vary much in 
elevation. In some })laces, as near AVard Peak (PI. Ill), the highest elevations 
of the range are n(»arer to the vall(\v than to the main divide. Ordinarily, how- 
ever, the highest summit> of the range arc halfway between the valley and the 
divide, the peaks along the divid(* never reaching 9,(M)0 feet and ordinarily 
i-anging in elevation from 7,5oo to s.r>oo feet. The saddles on the divide are from 
7,000 to 7,000 feet in elevation, except in the case of the gap at the head of Lost 
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Horse Creek, which sinks to 6,600. Both Lolo Pass and the Nez Perce Pass are 
still lower, the former only attaining 5,300 feet. Thus the summit of the range 
lies several miles to the east of the Clearwater divide. (See profiles, PI. IV.) 

Another remarkable feature is in the direction and character of the drainage. 
Seen from any convenient place in the valley, for instance, from Grantsdale, the 
bold, even slope sweeps along the face of the range as a single tectonic plane; the 
canyons, like those of Blodgett and Mill creeks, appear as deep gashes, scarcely 
interrupting the continuity of the front. They are narrow, especialh^ near the 
mouth, the walls in many cases being abrupt precipices. About twenty canyons, 
closely spaced, score the east slope of the Bitterroot Mountains. In most cases their 
streams are remarkably straight, flowing from west to east, without important 




Fio. 3.— South end of BitU'rrc>ot Rimgc from point near Darby; showing gnidual eastern slope of gneiss zone south 
of Tinnup Crot>k. Moraines are shown in foregnnind. 

branches, and separated by almost equally straight ridges, with narrow, jagged 
sunmiits. Especially fine instances of this arrangement are furnished by the four 
or five creeks west of Hamilton. (PI. III.) Broadly U-shaped in their upper 
courses (PL VII, ^1), due to energetic glacial action, they generally narrow to 
V-shaped incisions near the mouth. Near the heml we note a general tendency to 
turn southward. By far most of their tributary gulches are received from the 
south, while the slopes to the north of the canyons generally present unbroken 
fronts. Lost Horse Creek is rather an exception to the rule, as it splits, not far 
from the mouth, into three branches; Along the main divide and sometimes also 
on the secondary east- west ridges small glacial lakes are found in abundance. 
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DETAIL OF GNEISS CLIFF ON NORTH SIDE OF MILL CREEK 
CANYON. NEAR MOUTH. 

Cliff 1,500 feet high. 




B. VIEW SOUTH FROM HAMILTON. 

Show* regular slopo of gneiw zone of Bitlerroot Mountains Ward Peak i» seen in the center background, and b«.low it the ndge between Roaring Lion and 

Sawtooth creeks. 
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Jointing of the rock, erosion, and glacial action contribute to an excessive rough- 
ness of topogiuphic detail, making the range one of the most inaccessible. Contin- 
uous travel along the divides is impossible, on horseback or on foot. In the creek 
bottoms, treacherous, swampy areas, a slender but impenetmble growth of lodgepole 
pine, tangled underbrush, and fallen logs make travel difficult, even along the few 
trails which cross the range or ascend the gulches. Between Lolo and Nez Perce 
passes the only safe horse trail across the i*ange is that leading up Lost Horse 
Creek, and even this is far from being an easy one. 

Ordinarily mountain ranges adjoining thickly populated valleys abound in trails 
or even roads, and are well known and frequented by the inhabitants of the plains. 
But the Bitterroot Range is different; its lofty summits are without the attmctions 
of flowery meadows and easy paths; only the hunter and the explorer penetrate its 
wilderness. The lower slopes are covered by thick forests which gradually become 
more sparse as elevations increase and the white granite begins to gleam between the 
dark pines; finally vegetation almost ceases and the summit region spreads out with 
a maze of peaks and broken ridges of dazzling bright granite, flecked by still more 
brilliant snow fields. (Pis. VII, B, and VIII, A.) 

The main divide, distant from 8 to 15 miles from the first foothills, is, as 
stated above, a succession of sharp, craggy peaks alternating with deep saddles 
at the head of the large canyons. Especially in the southern portion of the 
range it is irregular, swinging from east to west with curves the radius of which 
is from 1 to 2 miles. On a smaller scale the same thing is repeated on the 
secondary east-west divides of the eastern slope, the secondary canyons cutting 
deep recesses in them, narrow, precipitous of grade in their lower part, and 
opening into wide glacial cirques near their head. 

The western slope of the range is even more rugged than the eastern; "The 
inMnediate slopes from the crest are here very abrupt, are cut up by immense 
gorges, and abound in precipices and extensive rock slides to such a degree that 
they are entirely impassable."^ Westward these ridges soon descend to the level 
of the dissected high plateau of the Clearwater Mountains, and the glacial cirques 
contmct to the winding, narrow, and inaccessible canyons of that system. 

GEOLOGY. 

SEDIMENTARY RERIE8. 

Except near its extreme northern end the Bitterroot Range is almost 
exclusively built up of granite and gneiss. The Ijo\o sedimentary series and 
the St. Marys gneiss have already been described in the preceding section. South 
of Carlton Creek no sedimentary rocks are known from the interior mass and 
only a few smaller areas have been observed along the first foothills. 

aLeiberg, J. B., Twentieth Ann. Rept. U. S. Geol. Survey, pt. 5, 1900, p. 819. 
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TIk* hirofost srdiiiu'ntarv areii is tlmt near Curlew mine; it occupi(\s loss than 
2 s(|uaro miles and really forms foothills projeetiiii^ hc^voiul the normal line of 
the base of the ran^fc*. It h(»<rins just south of Bi^ (reek and contimies 
southward for 2 mih's. havin<r an avenijr^* width of half a mile. The rocks, 
which are not very well expos(>d, are chieHy quartzite, or calcareous quartzite, 
in places converted into a rin(»-<jrmin(»d, dark-brown, contact-metamorphosed 
hornf(^ls. Throuofhout the rocks are exceedinrrly crushed and broken, and mrely 
show their strike and dip. At one plac(». on the ditch toward \V\ir Creek, was 
noted a cbirk lime shale with a south w(»sterly dip of ^U) , On the west the 
contact with the i^neiss runs nearly straii^ht north and south and is a fault plane. 
A dislocation occurred alonj^ this line in 1S1»S and is still visible on the surface 
of a gently slopinijf ridge. It extends for l.ooo feet and is partly an open 
tissure. th(» downthrow IxMng on the eastern side and amounting to 1 or 2 feet. 

No well-detined sedim«»ntarv rocks have be(Mi found along the* foothills for 
a long distance south of this area. Near the mouth of Sawtooth (lulch tine- 
graincMl rocks occur interbedded with the ordinary gneiss, but they seem only to 
be varying dynamo-metamorphic developments of granites of slightly ditl'ering 
texture. l^etw(»en Chartin and Tincu[) creeks, near the south end of the range, 
extends a short ridge parallel to the trend of the mountains and of soniewhat 
complicated structure. Much of it is made up of a line-grained, almost flinty 
rock, largely consisting of (juartz: this has a bedding nr jointing. di})ping 4<H 
east. The same ridge also contains a coarse gneissoid rock, roughly schistose, 
and similar to the im[)erfect gneisses east of Darby. The scliistosity strikes east- 
west, and the di]) is :>o north; some of this gnei?.s is of tine grain. 

<;hanitk ani> <;nki>s. 

It has already been stated that the range almost entirely consists of granitic 
and gneissoid rocks. The arrangement of these corres])onds to the topogra])hic 
development described above in this manner: The central mass is almost through- 
out a normal l)iotite-nHiscovite-granite: th(» regulai' eastern slope, even and continu- 
ous from Nez Perce Pass to Lolo Peak, is formed by a sheet of gneiss. di])ping 
from IS to 2t) K. like that slope. The gneiss is a modification of the interior 
granit(»- in othei' words, is granite made schistose by pressure, and W(v<tward 
gradually changes into tin* massive granite. This gneiss is not <»niy xhistose. but 
also full of slii)])ing planes, parallel to the scliistosity. and on tlnvse slipping 
plane-^ are connnoidy closely massed striations parallel to the di]) of the gneiss. 
Tlie sli'uctural inq)ortance of thesi* remarkable facts will be dis<*ussed in :i iatiM* 
j)aragraph (p. 4-1), . In thi> place such detaih'd oi)se]-\ati()ns as are available will 
tii'>t be recorded. 
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A. UPPER VALLEY OF MILL CREEK, BITTERROOT RANGE, LOOKING EAST FROM MAIN DIVIDE. 
Note pronour.ci-'d U-shape of valley, narrovMng toward \he lower part. The prevailing rock is granite. 




B. VIEW SOUTH FROM WARD PEAK, BITTERROOT RANGE. 
El Capitan in center background. 
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Xnt'th nid (tf flu- ron{/f ,- -Vio'mvf from north to south tlie ti^iieiss is tirst 
o})serve(i at the inoiith of Carlton Creek Canyon. Jt is here iniperfeetly schistose, 
dippin<^ 15 to is E., and the iu'lt is not wide. 

Two miles farther up normal granite crops on the south side. As described 
on patre 80, the ,<ij'neiss })ord(M*s tii(» ([uartzite of the Lolo series, and the contact 
shows it to he of intrusive character. 

A few miles farther south, due west of Florence, the ofneiss has locally a 
st<^eper (eastward dip of 30 to 35 , and tine clitls of these rocks are seen, where 
the canyon walls cut the front plane of the ran^e, 2,0()() feet above the valley. 
Lar^e white granite clifl's appear higher up in the (ranyon. The exposures in 
the lower part of Big Creek along the Curlew mine ditch are excellent; the 
gneiss dips 20 E., striking a few degrees east of north exactly parallel to the local 
trend of the foothills: the rock is medium-grained, dark gray, and very much 
sheared, the larger feldspars being pressed into lenticular shape and surrounded 
by iilms of tine-grained biotit<.\ Striated slipping planes are very frequent, the 
striations being strictly pamllel to the dip of the gneis.s; large foils of secondary 
nuiscovite have in many places developed on the planes of schistosity. 

At Bear Creek a small area of massive granite lies in the first foothills, but 
innnediately west of this tlu» normal gneiss begins and is well exposjed with 
easterly dip of IS- at the entrance to the canyon, a}K)ve the moraines. 

J//// (-rrtk srcfiftn. -A good section is obtained along Mill Creek, the almost 
perpcMidicular blutfs of the lower canyon offering excellent opportunities for obser- 
vation. The dip of the gneiss is from 15 to 25 E., probably averaging is . It 
seems a little ste(»per near the valley and llattens out slightly toward the west. 
Horizontally the width of the gneissoid zone is lA miles, corresponding to a thick- 
ness of about one-half mile. In i)etrographic character the gneiss is similar to that 
from all ]K)ints described above. It is medium to coarse grained, consisting of 
elongated aggregates of gray feldspar and (piartz separated and surrounded by 
streaks of black and white mica. Striated slipping planes are very common, as are 
also elongated pressed orthocla>e crystals up to 1 inch in liMigth. As the canyon 
is ascendcnl the gncMssoid structure becomes less apparent and about 2 mil<»s above ^ 
its mouth, where the whole blull* i"< })eautifully exposiMl, the bottom is in granite 
and schistosity sets in i)y (h»grees tow^ard th(^ top. Much of thi^ gneiss has the 
same grain as the granit(^: some layers are. Iiowever, liner grained and darker 
in color. This is clearly not due to any div(»rsity of mat(M*ial, but only to the 
d(»gree of crushing and compression. Sonu^ layers are so nnich sh(*ar(Mi as to 
constitute a dark slaty mass traversed by irnuunerable wavy slipping planes. The 
petrographic examination, as well as that in the* field, allows no don])t as to the 
original identity of granit(* and gneiss. From this point westward to the divide and 
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far beyond it granite is the only rock present. The prevailing variety is medium 
to coarse grained, the average size of the grains being alx)ut 5 nmi.; it contains 
much grayish quartz and whitish orthoclase or perthite and oligoclase, and besides 
small quantities of both biotite and muscovite in small foils, the former usually 
prevailing. Porphyritic orthoclase crystals up to li inches in length are of 
frequent occurrence. The outcrops are brilliantly white; the rock weathers 
with a thin hard and white crust, fresher in appearance than the inside, the softer 
texture and slightly yellowish color of which becomes apparent when the surface 
is broken off the large glaciated outcrops. The granite in many places contains 
many streaks (''schlieren") and maases of darker, liner grained rock, with more 
biotite and sometimes rich in titanite. Usually they appear as if kneaded into 
the normal rock and exhibit a pseudo-schistose, contorted appearance probably 
due to fluidal structure. These masses are probably moi*e basic, differentiated, 
and early cooled parts of the magma. Pegmatitic masses and dikes of all 
desqriptions are conspicuously absent. 

An east*west perpendicular jointing of the gneiss zone is a very common 
feature, producing the perpendicular walls of the canyons. In the gmnite the 
same structure is not so persistent. There is much jointing, to which the pin- 
nacles of the ridges are largely due, but no striking regularity is exhibited. On 
glaciated outcrops an exfoliation is often noticeable, causing the surface to scale 
off in concentric, slightly curved slabs. 

Like most of the canyons, Mill Creek bends south near its source and a small 
glacial lake, surrounded })y a cirque of bare granite cliffs forms its head. On 
ascending this cliff, which is about 1,000 feet high, an excellent view is obtained 
over almost the whole extent of the Clearwater Mountains. The Imre, glaciated 
outcrops seen in the maze of sharp peaks and serrated ridges northward as far as 
Big Creek and southward as far as Ix)st Ilorse justify the conclusion that the whole 
mnge is built up of granite. Westward the same kind of outcrops are seen on 
succe>ssive ridges as far as Grave Peak, which is a prominent granite point rising 
from a lower forested plateau. Rhodes Peak and at least parts of the Lolo Ridge 
appear to be of the same material. Similiarily, The Crags are clearly of granite. 
The whole gives a remarkable illustrntion of the extent of this rock. 

Gneiss of usual structure and dip of 18^ to 20^ E. appears in the lower parts of 
Roaring Lion and Sawtooth creeks and numerous granite bowlders give evidence of 
the prevalence of this rock in the upper parts of the canyons. 

Lost Ihyrne tfecfion. — West of the heavy moraine piled up at the mouth of Lost 
Horse Canyon a high cliff of gneiss api^ears on the north side. The rock has the 
same structure and appearance as described above, but the dip is distinctly less. 
On the first cliff it is only 5^ E. As usual many striated slipping planes lie pamllel 
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A. VIEW NORTH FROM WARD PEAK. BITTERROOT RANGE. ACROSS CANYONS OF ROARING LION AND SAWTOOTH 

CREEKS. 




B. COMO PEAKS FROM COMO LAKE. BITTERROOT MOUNTAINS. 
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to the schistosity. On the south side, the dip is 15^ and at the forks of the creek 
lU^. Smooth, glaciated outcrops begin 2 miles from the mouth. The section is 
different from that of Mill Creek inasmuch as the schistosity has a much smaller dip 
and probably in consequence of this extends much farther westward. At the big 
slide 11 miles from the mouth the rock is still a gneissoid granite, though the almost 
horizontal schistosity is much less distinct than at the mouth and sometimes is 
recognizable only with difBculty. Slipping planes occur very sparingly. The rock 
in the 1,500-foot bluff northeast of Twin Lakes, at the low divide (elevation 6,600 
feet) still exhibits a slight but unmistjikable schistosity dippiner 8° W., instead of 
east. Almost the only macroscopical indications of the structure are the parallelism 
of the mica foils and the elliptical form of the large orthoclase crystals. The rock 
is otherwise identical with the Mill Creek type, only having a somewhat smaller 
amount of muscovite. Like that type, it weathers to brilliantly white crusts. It 
contains, also, a few dikes of slightly sheared pegmatite and some of the same 
ill-defined basic streaks as noted on Mill Creek. Parallel to the schistosity is a fairly 
well-defined jointing, the planes of which in places show striations parallel to the 
dip. A few less continuous joints, also with striations parallel to the dip, cross the 
first set, and dip about 20^ E. There is, also, a well-defined east-west jointing, 
nearly perpendicular, or dipping 60 N. On these planes also occasional striations 
may be seen. A fine view is obtained westward down across the deep U-shaped 
depression of Moose Creek, dark with thick lodgepole-pine forest and surrounded 
by steep cliffs of white, granitic rock. 

Rock Creek section. — The next canyon south is that of Rock Creek, resembling 
the others in it^ straight east-west course and deeply incised valley. Cutting into a 
more elevated part of the range, th^. slopes in its central jmrt are exceptionally high 
in some places, being as much as 4,000 feet. While the main fork has a fairly even 
grade, the south fork heading in the glacial cirques below El Capitan descends over 
precipitous cliffs to the junction. In the first cliffs north of Como Lake the gneiss 
is very schistose, but in varying degree, some belts being reduced to the appearances 
of a mica-schist, while others still show clearly the ix)rphyritic orthoclase crystals. 
The dip is 22"^ E. Local bends in the schistosity were observed changing the dip 
from steep to flat and back again to the normal inclination. The heavy falls of the 
South Fork descend over gneiss with flat easterly dip. On the main creek the gneiss 
continues with dip of 15 E. for 2 miles above the lake. The moraines at the mouth 
of the canyon contain abundant granite bowlders. Gneiss was again noted in the 
lower part of Tincup Canyon and has here a dip of 27^^ E. The observations on 
Rock Creek and Tincup Creek were mainly by Mr. G. W. Stose. Neither El Capi- 
tan nor the Como peaks were ascended. From their appearance it is likely that they 
consist of gneissoid rocks with flat dips. 
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Trapper Creek section, — A few miles south of the forks of the Bitterroot, Trap- 
per Creek empties into the South Fork after a short course of about f) miles, the 
eastern slope of the I'ange narrowing considerably south of Tincup Creek. Tmpper 
Creek heads among the cirques of the peak of the same name, the highest elevation 
in the range (PL IX, A)^ and a heavy moraine has accunmlated in front of its amyon. 
Near its mouth the prevailing rock is the granit<5 of the eastern foothills (p. 3:^), cut 
by frequent dikes of granite-porphyry. This continues for one-fourth of a mile 
above the mouth. The moraines, containing some gneiss but chiefly granite bowlders, 
cover the underlying formation; 3 miles up from the main river the first high 
bluffs on the north side consist of gneiss, partly normal with the charac^teristic drawn- 
out feldspar crystals, partly more crushed and chloritic; a few slipping planes with 
usual direction of striations were observed. The dip averages 15"^, but varies in detail 
from 10^ to 4<)^. One mile farther up there is no gneiss in the lower outcrops, but 
only a coarse granite, while the d6bris.f alien from the top of the bluff still consists 
of gneiss. The granite shows a few joint planes dipping 20"^^ E. From points well 
up on the slope fine views are obtained up toward tlie sharp peaks and cirques at the 
head of the creek, all apparentl}^ granite, while the front slope of the nmge, 
})eautif uUy shown by its line of intersection with the south side of the canyon trench, 
clearly consists of a sheet of gneiss gradually carried up to points with elevations of 
about 8,000 feet. Beyond, the cliffs break off westward and granite prevails. 

Smith end of the ranija, — South of Trapper Creek the strike of the gneiss 
sheet swings to north-northeast, the dip remaining the same or about 15^ (fig. 3). 
The even slope of the frontal plane is carried up at this angle to the very divide, the 
descent to the Bitterroot River being here less than iS miles. The deeply incised 
Boulder Canyon is passed 8 miles al)ove Trapptr Creek; in a few miles more the 
West or Nez Perce Fork is reached. This valley opens up wide and broad in 
contrast to the narrow canyons of the main river, or South Fork, above the junction, 
and from high jx)ints in this vicinity a most interesting view is obtained, showing 
the manner of termination of the range. At the junction of the forks and for 
several miles along the West Fork, which is followed ])y th(» Nez Perce tniil, 
massive granite prevails. penetrat(»d by many dikes of granite- porphyry. 

From the vicinity of Boulder Creek the front plane of the rang(» begins to 
swing in a still more easterly direction, })ut is continued with the same general 
di]) and forms the whole northern slope of the West Fork Valley. 

Tliclii-Kt creek rouiing down this slope about 2 miles al)ove the junction of 
the rivers was ascended In- Air. Stose, who found the* first out(!rops al)out SOO 
feet al)ove the valley. Here the normal Bitt^^rrnot gneiss is encountered with a 
strike of N. 52 E., and u dip of 4o SE. Besides this, there is a rough bedding 
dipping S SW., and joint planes with evidence of slipping, wliich strike N. 75- 
E. and dip steei)ly to the north. 
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Beyond this point the frontal plane is seen to continue for several miles 
farther west, turning gradually to an almost east-west strike. Gneiss appears to 
occup}' this whole slope to the summit or main divide and the dip of the schists is 
clearly seen to conform to the slope of tlie plane. Toward the head of the West 
Fork it appears as if this gneiss gradually merged into the prevalent granitic 
mass. This is the conspicuous southern termination of the Bitterroot Kange. 
South of the West Fork geology and topograph}- undergo a complete change. 

STRirCTURK AND PHYMICKJRAPHY. 

The topographic, description of the range has shown the existence of a most 
persistent plane dipping 15- to 2^] H, which fonns the slope inclined toward 
the valley, and which continues with due north-south direction from Lolo Peak 
to Boulder Creek, wliere at the southern end of the range it gmdually swings 
westward, retaining the same dip, now turned southerly. A short distance west 
of the bend the plane appears to die out. It can not have been produced b}' 
erosion J and the only alternative is to consider it as a structural plane. An 
examination of the geology reveals the fact that this plant* is formed b}^ a layer 
of gneiss, which petrographic metliods show to have })een derived by compressive 
or shearing stress from the normal massive granite forming the mass of the range. 
The gneiss zone conforms in strike and dip with the structural plane, and moreover 
shows pt^rsistently and uniformly, })v little slickensides and striations, evidence 
of a movement pamllel to the dip of the gneiss and the stnietural plane. The 
aggregate movement along all these slipping planes may well have been very 
large. While the gneiss zone usually is thin, and ordinarily less than 3,000 feet 
in width per^iendicularly to the strike plane, it flattens in the Lost Horse section, 
and a roughly gneissoid gnmite with nearly horizontal schistosity extends west- 
ward at tliis place as far as the main divide. The strongest schistosity and the 
mobt closely massed slipping planes alwa3's (wcur farthest east along the structural 
fronting plane. 

The only conclusion which can be drawn from these facts, remarkable and 
unique* as far as my Knowledge goes, is that a uniform dislocation of great 
extent lias taken place all along the east slo|X' of the range. The main dislocation 
was accompanied partly })V direct movement on minutt* and numberless fault 
planes (slipi)ing i)lanes) and partly by molecular movements long enough sus- 
tained to produce a tyi)i(!al schistose structure within tin* att'ecttMl zon<». The 
unusual feature in this dislocation is the intimat(^ com])ination of actual fault 
planes with seliistosi* structure, showing in the chmrest manner, to my mind, the 
transitions hetwron schistosity and jointing, and })etween molecular and molar 
movement, and indicating that both result from the sann* force. Taking all tiie 
data into eonsidtM-ation, it does not seem as if the d(*pth at whi<h this schistose 
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structure was produced could have been more than a few thousand feet at the 
utmost. Any attempt to place the formation of this schistosity at great depths 
from the surface must lead to wholly improbable depths of erosion and amplitude 
of faulting movement. Another unusual feature consists in the flat dip of the 
fault plane; this flat dip is no doubt the cause of the remarkable topographic 
preservation of the fault plane. 

The minimum of actual movement on the fault plane is clearly measured by 
the width of the gneiss zone along this plane from the summits to the base of the 
mountains, a distance of 2 or 3 miles. The vertical component of this movement 
would be 4,000 to 6,000 feet, and this again must be considered as a minimum. 

Admitted that we have here a flat fault of great extent, the next question is 
as to the absolute direction of the movement. That the relative movement took 
place parallel to the dip of the gneiss is clear beyond question from the observed 
facts. It was first thought that the defonnation of feldspar crystals in the gneiss 
would elucidate this pro])lein. No satisfactory answer was obtained in this way, 
though more detailed studies perhaps would be productive of better results. The 
deformation of the crystals seemed to have proceeded under such heavy pressure 
that a flow rather than a break resulted, and it was impossible to tell whether 
the hanging wall had relatively moved up or down. The slickensided slipping 
planes, on the other hand, never break across a crystal, but follow in gentle curves 
the aggregate of recrystallized miai scales, on which, of course, the movement 
was most easy. 

Approached from a diflferent direction some elucidation of this problem might 
possibly be attained. Throughout the Salmon River Mountains, a^ well as in the 
Clearwater and the Coeur d'Alene mountains, the configuration of the ridge lines 
shows that they ma}' be considered as the remnants of a gently undulating plateau 
raised by epeirogenic forces and dissected by active erosion. The average elevation 
of this wide plateau of central Idaho is perhaps 7,000 feet. It extends far north 
and south of the Bitterroot Mountains, which stand as a boldly raised block 1,000 
to 3,000 feet above this level. It seems unavoidable to connect this uplift with 
the fault at the base of the range, and thus we arrive at the conclusion that the 
foot-wall side of the fault has been raised relatively to the hanging side; in other 
words, the fault is a normal one. Considering again that the Bitterroot Valley 
is an extremely well-marked and probably very deep depression almost coextensive 
with the range, and that borings would probably show it to be a structural 
depression without outlet, we come again to the conclusion that the hanging has 
subsided relatively to the foot of the fault; in other words the fault is probably 
a normal one. 

There are interesting facts which prove that this subsidence has taken place and 
that it has not even yet ceased. At the Curlew mine, located in the first foothills 



BITTERROOT RANGE. 49 

in the northern part of the range (p. 86), mining operations have disclosed a fault 
dipping 45^ E., along which a body of galena ores was found and mined. I am 
reliably informed that this fault separates the lime and quartzite of the foot wall 
from a hanging wall of gravels with logs of carbonized wood. A heavy clay seam 
lies along the fault. This fault is exposed to a vertical depth of 500 feet. As 
stated, the first foothills here consist of limestone and quartzite of uncertain ' /e; 
these rocks have not been rendered schistose like the granite, but are thorou hly 
crushed. The hill back of the mine is cut by slipping planes, and a little higher up 
the narrow zone of limestone and quartzite borders along a fault contact toward the 
normal gneissoid zone. Along this contact, far removed from mining operations, a 
fault took place in 1898, the downthrow being on the eastern side; the throw is still 
visible along a distance of 1,500 feet north and south, and amounted to 1 or 2 feet. 

Still another line of evidence points in the same direction. As described above, 
(p. 40) many straight canyons furrow the east slope of the Bitterroot Mountains. 
They have a very steep inclination, but below the upper zone of glaciation in which 
falls over granite ledges are frequent, there is no reason why they should not have 
average regular gradients. While this holds good in most cases, there are in some 
places curious anomalies. Where Mill Creek emerges from the range, for instance, 
the first mile of canyon has a grade of 400 feet in 1 mile, while the regular grade 
is 200 feet. 

For several miles south of the mouth of Carlton Creek Canyon, also in the 
northern part of the Bitterroots, a distinct escarpment perhaps a few hundred feet 
high, runs along the foot of the range. An exceedingly heav}^ fall of 600 feet in 1 
mile marks the mouth of the canyon, the lower part of this distance being over 
morainal bowlder heaps, the upper part over gneissoid bed rock. 

It seems thus that during recent or even during the present time, short and 
irregular displacements occur along the foot of the range and in all cases the down- 
throw is on the valley side. 

From all that precedes it is plain that the east front of the Bitterroot Range is 
determined by an enormous flat fault. It further follows with great probability, 
that the fault is of normal character, and that the dislocation is a double one, 
involving at the same time downward movement of the hanging and upward move- 
ment of the foot. On the west side of the Bitterroot Mountains the upward move- 
ment of the block seems to have been so distributed as to leave few indications of 
its presence. Such double movements, involving a simultaneous raising of the heaved 
block and sinking of the thrown one, are probably not uncommon. Studies along 
the east slope of the Sierra Nevada have led me to believe that the movement along 
this break has been of this character. '^ The flat dip of the fault plane indicates 

« Jour. Geol., vol. 4., 1896, p. 899. 
5995— No. 27—04 i 
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pretty clearly that gravity does not alone suffice to explain this movement, for as 
pointed out by Mr. G. F. Becker,** friction would overcome gravity on a slope of the 
fault plane of 45°. 

In presenting these conclusions I am not unmindful of the cursory character 
of the field work and f ully^ appreciate that more detailed examinations will throw a 
m ch more vivid light on the extremely interesting questions of mountain building 
an rock structure involved. The main facts seem so plain, however, that they 
scarcely admit of any other interpretation than that advanced. It is believed that 
the Bitterroot Range will always remain one of the most important localities in the 
world for the study of the development of schistosity and distributed faults. 

It seemy unavoidable to recognize the intimate and inseparable relation between 
schistosity and faulting, or, in other words, between molecular and molar rock 
movements, in the sheared zone of the Bitterroot Range. The striated slipping 
planes of the granite-schist are often very closely massed, as many as twelve of them 
sometimes occurring in a thickness of an inch. Their surfaces are covered with 
micaceous aggregates or large, new-formed flakes of muscovite, and they curve gently 
about the lenticular, pressed aggregates of former larger feldspar or quartz grains. 
The latter are sometimes broken b}^ a series of small fissures inclined about 45^ to 
the plane of schistosity and filled with secondary quartz. (PI. V, A^ B,) Many of 
the slipping planes form blind joints, nonpersistent or gradual!}^ fading. 

The two differing views of the relation of schistosity and jointing may be 
briefly recalled: Mr. Van Hise holds* that the two are distinct phfenomena. In 
the upper or "zone of fracture" of the earth's crust, liedding fractures, faults, 
joints, fissility, etc., are formed almost wholly by the breaking of individual 
minerals and by differential movements between them. Rock flowage, producing- 
schistosity, mainly occurs in a very deep-seated zone by innumerable fractures 
of the mineral particles, or by recrystallization; in brief, it is a molecular move- 
ment in which mass fractures play a subordinate part. 

On the other hand, Mr. G. F. Becker^ holds that there is no essential difference 
between jointing, cleavage, and schistosity, all of those phenomena being due to 
weakening of the cohesive force on planes of maximum slide or maximum tangential 
strain. Accordingly, schistosity and jointing, molecular and molar movement, 
may both be produced at the same time, and molecular niovcment is not neces- 
sarih' confined to great depth. The observations in the Bitterroot Range seem 
to conflrm Mr. Becker's views. 

« Bull. Geol. Soc. Am., vol. 4. 1893, p. 47. 

''Van Hise. C. R., Principles of North Americau pre-Cambrian trfology, with an appendix on flow and fracture of 
rocks as related to structure, by L. M. Hoskins: Sixteenth Ann. Rept. U. S. Geol. Survey, pt. 1. 18%, p. 589. 

Becker, G. F., Finite homogen(.*ou» stmin, flow and rupture of nw'ks: Bull. Geol. So'. Am., vol. 4, 1893, pp. 13-90. 
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If we should tentativ^ely endeavor to outline the history of the Bitterroot 
Range it would perhaps be something like this: 

During the Cretaceous or earliest part of the Tertiary period the surface of 
the high plateau of the Clearwater Mountains extended across this whole region 
and included a large part of western Montana. On this uplifted plateau a 
drainage system had been outlined, and of such origin, we may assume, was the 
Bitterroot River. The divide toward the Clearwater drainage was situated along 
the present summit of the range about 10 miles east of the present position of 
the same divide. The elevation of this divide was 2,000 to 3,000 feet lower 
than at present. 

Now followed the great break along the line of the Bitterroot River. A 
fault plane was formed with flat easterly dip and a movement of probably at 
least 20,000 feet along the dip of that plane took place. This movement had the 
twofold effect of raising the Bitterroot Range to its present position on the west 
and of deepening the depression of the Bitterroot Valley. 

The gentl}^ sloping structural front plane of the Bitterroot Range being thus 
established a new constructional drainage was at once laid out on the even sur- 
face and naturally the creeks would be numerous and straight, just as we find 
them to-day similar in direction but more deeply incised. Grade and precipita- 
tion combined to increase their corrading activity; soon they were robbing the 
streams of the then broad plateau on the Clearwater side and the divide migrated 
westward to its present position with the gradual capture of new territory. The 
general bending toward the south, common at the head of the Bitterroot 
streams, is no doubt due to that same prevailing tendency in the headwaters of 
the old captured Clearwater streams. 

Finally, as the last important stage, the ndve fields increased in size and soon 
a continuous ice sheet covered the sunnnit region. During the Glacial epoch the 
sunmiits were carved out to the bewildering mass of craggy aretes separated by 
precipitous cirques which now crown these mountains. 

GLACIATION. 

There is excellent evidence that during the Glacial epoch the Bitterroot Range 
along its whole extent was covered by a contiimous sheet of n^ve, from which 
glacier tongues extended down into every important valley. It forms thus one 
of the very largest glaciated areas known in the Cordilleran region of the United 
States, and only rivaled in extent by the glaciers of the Sierra Nevada and the 
Cascade Range. There is no evidence of glaciation along the Lolo Fork of the 
Bitterroot River; nor is it probable that any but local foci of glaciation existed 
from Lolo Fork northward along the Coeur d'Alene Mountains. Similarly the 
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Nez Perce Fork, or West Fork, at the southern terminus of the range, is free from 
glaciation, and no e^'^dence of anything but very local accumulations of ice were 
noted upon the headwaters of the South Fork south of Nez Perce Pass. 

The U-shaped form of the valleys, the moraines accumulated in front of 
their canyons and within their troughs, the polished outcrops of granite through- 
out their extent, all bear undoubted testimony to the existence of this ice sheet. 
The main canyons as well as the tributary gulches terminate everywhere in 
glacial cirques. In short, all the familiar phenomena of extensive glaciated areas 
are represented in the Bitterroot Range on a grand, instructive scale. Only the 
highest peaks and ridges appear to have projected above the general level of 
ice and sand and between the projecting glacier tongues. The foothills of the 
range also rose to an elevation of 2,000 feet above the valley below the line 
of permianent snows. 

Not in all cases did the glaciers extend down to the mouth of the canyons 
where they opened on the valley. There is clearly evidence of increasing 
strength of the glacial action toward the southern end of the range. Here 
large morainal masses several square miles in extent and with ridges some- 
times a thousand feet in height lie in front of the foothills. 

Beginning from the north, the Carlton Canyon was first examined. The 
canyon pass is narrow and V-shaped, and it is doubtful whether an}^ of the material 
in front of it is of true glacial origin. Heavy masses of bowlders lie on both 
sides of the canyon at its mouth and extend in fan shape for a distance of 
half a mile. Possibly these accumulations are the result of local cloud-bursts or 
torrential action. 

At the mouth of Big Creek Canyon the gravel terraces extend up to the 
foothills of gneiss, and there are no accumulations of bowlders in front of the 
canyon. Its lower part is V-shaped and sharph' incised without polished out- 
crops or other indications of glaciation. 

At the mouth of Mill Creek Canyon a sloping plain of gravel and sand 
extends down to the river 400 feet lower. Over this gravelly slope Mill Creek 
flows in a shallow cut at most 30 feet deep. 

The first signs of glacial action are seen at Sears's ranch, near the foothills, 
and consist of a big pile of granite bowlders, some of them 8 feet in diameter. A 
very heavy moraine lies on the south side of the creek near the same place and close 
te the mouth of the canyon. The surface forms of these bowlder mavsses indicate 
luiquestionably their morainal origin. Little ridges and shallow ponds abound. The 
height of this moraine is several hundred feet, and on its southern side no rock in 
place appears for a distance of half a mile farther west, while on the northern 
side outcrops begin nmch lower down. Near the mouth the canyon presents no 
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trace of actual ice erosion either in the wearing or rounding of the outcrops, so 
that it is not probable that the ice stream itself reached this point. 

Like all the Bitterroot canyons, the grade of Mill Creek is very heavy. On 
the gravel planes in front of the range it is 200 feet to the mile. At the mouth 
of the canyon for a distance of about 1 mile it is much heavier, amounting to 400 
feet in that distance. Above this the grade is somewhat lighter, until several 
miles farther up an abrupt fall of over 200 feet occurs below the place known 
as 'Hhe great slide." 

Above the great slide the gi-ade is again fairly moderate up to the lake, 
and amounts to approximately 200 feet per mile. Morainal matter fills the 
comparatively narrow bottom of the canyon for a dii^tance of 1 or 2 miles above 
the mouth. At about this distance the valley becomes much more U-shaped, 
and frequently smooth and flat rocks occup}" the creek bottom. The width of 
the valley increases westward, the bottom is filled by morainal material and 
supports a thick growth of lodgepole pine besides rising more steeply and fre- 
quently showing polished surfaces of granite. An interesting feature is the 
nearly perpendicular cliff a thousand feet in height which follows the north side 
of Mill Creek for 3 miles above its mouth. Pis. VI, B^ and VII, A^ illustrate 
the topographic features of these and the shape of the canyon. Great slides of 
angular gi'anite blocks descend into the canyon at many places, and sometimes 
on the forested slopes are long clearings illustrating the devastating power of 
snowslides. 

At the head of the canyon a small lake dammed by morainal material 
occupies a large glacial cirque surrounded by polished slopes of granite. Even 
the saddle on the divide a thousand feet above the lake shows evidence of 
glacial polish. It seems that the n^vd fields covered everything along the 
sununit region except the highest peaks. 

Blodgett, Sawtooth, and Roaring Lion creeks are almost exact counterparts 
of Mill Creek. The remarkably straight and sharp ridge })etween Sawtooth 
and Roaring Lion is illustrated on PI. VII, ^1, as viewed from Wards Peak. In 
all cases the moraines accumulated at the lower end of the canyons are com- 
paratively insignificant. 

South of Wards Peak the conditions change. Lost Horse, Rock, Tincup, 
and ChaflSn creeks are all distinguished by great development of lateral and 
terminal moraines, the extent of which are illustrated by the panoramic view 
on PI. X, taken by Mr. G. W. Stose from the terrace northeast of Darby on the 
east side of the river. The plate shows the bottom lands and low terraces along 
the river, above which rise the grassy and open high terraces; these again lean 
against broad and rounded moi-ainal hills, heavily forested, as a rule. Back 
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of these rise the jagged peaks and ridges of granite and gneiss. PL I shows 
the areal extent of the heavy moraines of the south end of the range. At the 
mouth of Lost Horse Canyon moraines occupy several square miles, the most 
prominent one forming an 8()0-foot ridge on the south side, reaching up to an 
elevation of 5,000 feet. The creek has cut through the terminal moraine, and 
gravel terraces skirt the east front of the moraines 200 feet above the river. 
The canyons of the forks of Lost Horse Creek are practically duplications of 
those of Mill Creek, the bottouLs being U-shaped and often showing extensive 
and smooth surfaces of ice-worn granite, and elsewhere occupied by a thick 
growth of lodgepole pine. The sides are precipitous cliffs with many enormous 
rock slides. Near the head of the Middle Fork lies a heavy bottom moraine 
which has dammed the Twin Lakes at Lost Horse Pass. 

In a similar manner, high lateral moraines have been piled up on both sides 
of Rock Creek. The terminal moraine has been partly cut through by the stream, 
but above it still lies the beautiful sheet of water dammed by it, which is called 
Como Lake. From its pine-clad shores a magnificent view is obtained up toward 
the jagged summits of Como Peak, 5,000 feet above the lake. (PI. VUI, B,) At 
the mouth of Tincup Canyon similar though smaller moraines have accumulated. 
The ice stream was deflected southward, so that the lateral moraine on the north 
side swings around in a graceful curve. 

From this point southward the distance to the main divide is less, and the 
glaciers were correspondingly smaller. 

The moraines of Trapper Creek form a fine semicircle, opening southward. 
They are 3 miles long and 300 feet high, and extend almost to the Bitterroot 
River. The last large tributary from the western slope of the Bitterroots is 
Boulder Creek, the moraines of which project to the river and have forced it to 
cut a cliff in the eastern foothills. 

The 200-foot gravel terrace skirts the moraines down to the junction of the 
two main forks of the river and continues for some distance up the East Fork, 
while the S'juth Fork south of ChaflSn Creek enters a narrow canyon. 

From all appearances, the glaciation of this range extended to a very recent 
date. While in all cases, excepting Rock Creek, the principal creeks have trenched 
the terminal moraines, but little evidence of erosion is to be seen beyond this 
cutting, and in many places higher up these torrential streams still flow over 
broad and flat glaciated outcrops, not yet having had time to excavate new 
can3'ons in them. The surface of the moraines is often remarkably smooth, due 
no doubt to the sandy and crumbling character of the gmnite, and is generally 
covered by a tine growth of yellow pine. 
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On the western side of the range the glaciers must have been still more 
extensive than on the slope facing east. The canyon system is here more branch- 
ing; the precipitation was also probably heavier. The result would be that 
sevei'al ice streams would meet, and, coalescing, extend far down into the Clear- 
water drainage. Just how far west they reached has not been ascertained, but 
from the available information as to the size of the glacial cirques at the summit 
and the conditions of the rivers farther down it is probable that along the 
Lochsa, Moose Creek, and Selway forks this distance was about 20 miles from the 
main divide. Very likely the neve fields of the northern part of the Bitterroots 
extended across to Grave Peak, 15 miles distant from the main divide. 

SOUTH FORK OF BITTERROOT RIVER. 
TOCOGRAPHY. 

At the junction of the East and South forks of Bitterroot River the valley 
is still an open one, with bottom lands 1 mile wide and broad gravel terraces, 
the latter continuing for several miles up along the easterly branch of the 
stream. Broad and partly timbered ridges ascend with comparatively easy slope 
from the East Fork, their summits forming a nearly level sky-line 2,000 or 8,000 
feet above the valley. A low granite ridge projects from the Bitterrroot foot- 
hills, connecting with the mountains surrounding the East Fork, and across this 
ridge the South Fork breaks in a narrow canyon, suggesting that a former 
valley, nearer to the Bitterroot Range, has been filled by morainal debris and 
a new trench excavated through the granite ridge in post-Glacial time. For a 
distance of 15 miles above this canyon the South Fork flows in a narrow valley 
which, however, opens up a little immediately south of the canyon through the 
granitic ridge mentioned. The bottom, though narrow, is flat, and occasionally 
fragments of a low terrace appear above the stream. Where the Nez Perce trail 
leaves the South Fork the West Fork Valley branches and forms a wide, open 
depression. Above the West Fork the main branch continues narrow, with flat 
bottom and sides rising steeply for a few hundred feet up to a sloping bench, 
from which heavily forested broad ridges run up to a similar main divide very 
different from the narrow aretes and pinnacles of the Bitterroot ridges. These 
conditions continue for several miles above the West Fork to near Hughes Creek 
(elevation, 6,000 feet), where the valley opens to a width of half a mile and is 
surrounded by bluffs of rock 1,000 feet high. Above this creek the i Bitterroot 
River splits in many branches and the rounded forest-covered ridges of the 
Salmon River divide are soon reached. The highest elevation of this is found at 
Blue Nose Mountain, which attains 8,300 feet, but the average height of the 
dividing ridge is considerably less. 
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GEOLOGY. 

GRANITE. 

For a distance of 25 miles above the main junction of the rivers, or up to 
the vicinity of Blue Joint Creek, granitic rocks prevail in the canyon of the 
South Fork. This granite is, on the whole, similar to that described from the 
eastern foothills of the Bitterroot Valley. Its contact with the southern quartzite 
is not well exposed, and nothing definite can thus be said about the relations of 
the two rocks. The granite is rich in dikes of granite-porphyry, sometimes 
appearing very similar to rhyolite. 

In the first canyon above the main junction a coarse biotite-granite prevails, 
with a few inclusions of gneissoid rock. At the mouth of Trapper Creek the 
granite contains many dikes or irregular masses of reddish granite-porphyry. 
Three miles above this creek a coarse granite with very large feldspar crystals 
was noted, and again opposite Boulder Creek are cliffs of the same reddish rock. 
Similar coarse, reddish biotite-granite, rich in orthoclase, appears near Rumbo 
Creek, here containing many dikes of granite-porphyry, a rock which is especially 
abundant in the gravels of this creek. Large masses of alternating granite- 
porphyry and granite outcrop for 2 miles above this point. 

Mr. Stose ascended the West Fork on the Nez Perce trail for several miles 
and reported first granite with streaks and inclusions of gneissoid -rocks similar 
to the exposures east of Darby and farther up much granite-porphyry, together 
with pegmatitic rocks and some contorted gneiss. The sheared granite of the 
long slope from the Bitterroot Mountains, north of the West Fork, has already 
been referred to (p. 46). 

SEDIMENTARY 8ERIEH. 

An extensive series of sedimentary rock of doubtful age is encountered on 
the upper South Fork of the Bitterroot. It begins near the mouth of Blue 
Joint Creek, a tributary with several branches coming down from the west about 
10 miles above the point where the Nez Perce trail leaves the vallej^ of the 
South Fork. White and heavy-bedded quartzites prevail, the strike being 
northwest, the dip 80° S. A long ridge leads from Blue Joint Creek up to the 
high points south of Nez Perce Pass, called Crown Peak or Castle Rock, and 
Bare Cone; going up, the quartzite is soon replaced by a belt of granite with 
many dikes of granite-porphyry. Then quartzite containing many dikes of 
granite-porphyry begins again and occupies the high ridges of Bare Cone, having 
an elevation of about 8,000 feet. The summit of Crown Peak is formed by a 
neck of rhyolite. 

Above Blue Joint Creek the same heavy-bedded quartzite continues up to 
near the head of the river at Mineral Point, and its precipitous bluffs follow the 
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stream for several mil6s. The same rock occupies almost the whole of the 
Hughes Creek drainage, and probably also reaches up to the Clearwater divide, 
8 miles distant toward the east. 

At Mineral Point Meadows are quartzitic schists with varying dip, generally 
about 30^; the dip is northward at the lower end of the meadows, changing to 
east or south near Copper Queen mine. The schist is here more micaceous and 
fissile, but still distinctly sedimentary. Going upstream the schists become still 
more micaceous. A little coarsely crystalline limestone is met on the road along 
Beaver Creek one-fourth mile above it« mouth. Many dikes of granite-porphyry 
and diorite-porphyry appear here. One mile above the mouth on the same creek 
the schists change to typical gneiss. The contact is apparently not of intrusive 
character, but the two kinds of rock rather appear as if welded together. Probably 
the quartzitic schists rested on gneiss, and the exact contact line has become 
blurred by action of metamorphic processes As stated above, there is nothing 
to prove the age of the sediments, except the probability that they once rested 
on a gneiss whicli has the characteristics of an Archean series. The similar 
conditions might justify a guess that the quartzites are of the same age as the 
Lolo series, possibly pre-Cambrian. The slates and quartzite are known to 
extend for many miles eastward, or at least as far as Gibbonsville, 12 miles distant 
from Bitterroot River, where Mr. W. H. Weed observed a series of steel-gray 
quaitzitic schists dipping 35^ to 65° W. 

TERTIARY VOLCANIC ROCKS. 

Although some of the dikes in the granite for the first 20 miles south of the 
ifiain fork of the Bitterroot River are somewhat rhyolitic in aspect, no areas of this 
rock are encountered until near the mouth of Blue Joint Creek. At this point a 
flow of normal rhyolite filled the valley to a depth of several hundred feet and is 
now eroded to high bluffs showing on both sides. A small mass of rhyolite forms the 
summit of Crown Peak or Castle Rock. Areas of this rock are also found on Slate 
Creek, on the west side of the valley, and south of Blue Joint Creek this rhyolite 
may even reach the Clearwater divide. On Coal Creek, coming in from the west, 2 
miles above Blue Joint, Mr. Stose found the rhyolite extending up to at least 1,000 
feet above the valley. In its uppermost part it contains thin interbedded clays with 
seams of lignite (see p. 112). 

The next exposure of volcanic rock is found 10 miles farther up, on Lick Creek, 
on the east side of Mineral Point mining district. These thick flows of rhyolite, 
which extend at least 1,000 feet above the valley, consist of several flows, some 
glassy, others felsitic. In part they are interstratified with tuffs or sedimentary 
material resembling lake beds, the latter containing traces of lignite and some 
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Unio shells. According to Mr. W. H. Weed much rhyolite is also seen along the 
East Fork of Bitterroot River. 

While there is no direct proof of the age of the rhyolite, it is probable that, 
like nearly all of that rock in Montana, it is of middle Tertiary or Miocene age. Its 
topographic extent is perhaps the most interesting feature, as it clearly proves that 
the configuration, depth of canyon, etc., in the upper South Fork were about the 
same as at the present time. As far as this fork is concerned, subsequent events 
have consisted rather of repeated fillings and retrenchings of the pre-Miocene 
excavations than of any important deepening of the channel. 

QUATERNARY. • 

The Quaternary deposits along the South Fork of the Bitterroot are limited 
to the bottom lands and terraces along the river. Though the bottom lands are 
narrow and of slight extent, the}' persistentl}" follow the river, indicating a recent 
damming, which deprived the river of its full erosive power. In few places the 
water flows over exposed bed rock. Above these alluvial areas are several terraces, 
preserved in fmgments, indicating that at a comparatively recent date gravels 
filled the canyon to a depth of over 600 feet. The analogy with Lolo Fork 
(p. 38) is apparent. In the lower South Fork one direct cause for the accumula- 
tion of gravels above is found in the fact that during the Glacial epoch the 
moraines of Trapper and Boulder creeks produced effectual dams of considerable 
height. Whether this is sufficient or whether the uniform filling of Lolo, the 
Bitterroot Valley, and the South Fork to a height of 400 to 500 feet above the 
present water level was due to more universal causes acting farther down on the 
Clark Fork of the Columbia can not be regarded as fully settled. The erosion 
which followed the maximum of deposition was clearly of active character and is 
responsible for the steep blulfs which now in many cases skirt the river. 

As stated above, three terraces, 30, 100, and 200 feet above the river, form 
the broad valley at the junction of the two forks. lamiediately above this the 
South Fork emerges from a narrow canyon extending for a few miles and then 
opening up a little at intervals. A low terrace, 20 feet above the river, follows 
closely, and in places are remnants of another 200 feet above the stream. 
At the mouth of West Fork the lower terrace is well developed, and another of 
gravel and silt appears on the west side 200 feet above the river. Near the 
mouth of Blue Joint Creek gi-avel was noted from 500 to 550 feet above the 
river. At the mouth of Hughes Creek gravel bars are found at 20, 50, 200, and 
500 feet above the river, thus reaching up to elevations of 5,(>t)0 feet. 
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CLEARWATER MOUNTAINS. 
TOPOGRAPHY. 

As defined above (p. 13) the Clearwater Mountains form a roughly rectangular 
area 70 miles wide and 100 miles long (from north to south) bounded on the 
south b\' Salmon River, on the north by the North Fork of the Clearwater, 
on the east by the Bitterroot Range, and on the west by the Columbia lava 
plateau which begins a short distance east of the South Fork and the main 
Clearwater River. This broad area of about 7,000 square miles can not be 
regarded as a mountain i-ange due to orographic forces acting along certain 
lines, but must be considered as due to a continental uplift acting evenly over 
the whole area. It is, briefly, an elevated plateau, of approximately uniform 
height, now so deeply dissected by such an intricate system of canyons that at 
first glance it has almost lost its once doubtless prominent plateau features. 



Three primary divides extend westward across the whole width of the Clearwater 
Mountains from the backbone of the Bitterroot Range. The most northerly is the 
ridge between the North Fork and the Lochsa Fork. Immediately west of the 
broad, low depression of Lolo Pass this divide rises to elevations of from 6,000 to 
7,000 feet, and its bleak summits of white granite with scattered dark groups 
of firs extend for 50 miles west-southwest, maintaining about the same height. 
From near Rocky Ridge it slopes gently with manj^ low spurs, within a distance 
of 18 miles, down to the basalt plateaus of Weippe, which are situated about 3,000 
feet above sea level. 

The Lochsa-Selway divide, of about the same length, is more broken and 
irregular; and its peaks are also higher. From the Bitterroot Range it forms a 
succession of points and high ridges, such as Grave Peak (elevation 8,287 feet), 
Diablo Peak (elevation 7,531 feet), and near the western end of the ridge, The 
Crags (elevation 7,923 feet). Ten miles west from the bare granite points of the 
Crags, the thickly forested ridge descends abruptly to the junction of Ijochsa and 
Selway forks. Toward its head the Selway Fork splits in a great numl:)er of 
branches, separated by complicated ridge systems. Many of these head toward 
the Salmon River divide, which is a high ridge with many and sharp curves due 
to tributaries cutting into it from north and south. 

The Salmon River divide begins a few miles northwest of Blue Nose Peak 
(at the head of the South Fork of the Bitterroot) and continues westward for fully 
80 miles as a high, broad ridge, sparsely timbered and sometimes with swampy 
meadows surmounted bv a few points exceeding 8,000 feet in elevation. Above 
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the general level rises a bare reef of rocks extending for 12 miles north and south 
and marked by the three points of Caseknife Mountain, Salmon Peak (elevation 
8,881 feet), and McG ruder Mountain. This reef is sculptured by glacial erosion 
and the gulches leading up to it end in rocky ampitheaters. From the slopes 
magnificent views are obtained of the western Clearwater region and the Salmon 
River Canyon and the mountains south of it. This is illustrated by fig. 4, repro- 
duced from a photograph by Mr. J. B. Lippincott, which shows well the plateau 
character of the broad forested but fire-scarred ridges west of Salmon Mountain 
continued south of the 4:,50<)-foot gash of the canyon by an equally well-marked 
general surface level. From the main divide long backbones reach out toward 




Fig. 4.— View south acn w Siilinon River Canyon, from south slope of Caseknife Mountain, showing plateau 

character of Salmon River Mountains. 

the canyon and suddenly break off in precipitous descents. This sort of country 
continues for 44) miles west of Salmon Mountain to Buffalo Hump. The lonely 
trail follows the ridge for 24 miles in a bee line, but much more than that, 
counting its windings through fir-covered saddles and over bare rocky ridges. It 
crosses Little Salmon Creek near its head, the swampy meadows surrounded by 
thick timber having an elevation of only 5,200 feet, but ascends immediately 
west of this creek to the plateau elevations of over 7,000 feet. At intervals 
views are obtained north and east over the Selway drainage — a labyrinth of 
forested ridges sloping gradually at first toward the separating canyons and then 
dropping off to the streams in precipitous descents. Against the skyline are 



TOPOGRAPHY OF CLEARWATER MOUNTAINS. 61 

sometimes visible the snowy crests of the Bitterroot Mountains, among which 
towers the isolated El Capitan. 

West of Little Salmon Creek the ridge bmnches. The divide between the 
South Fork and the Selway continues with the same characteristics west-northwest. 
The mass of Bilk Mountain and Indian Park projects northward, overlooking the 
Selway Canyon, while the main part of this ridge extends north of Elk City and 
culminates in Anderson Peak, Bald Mountain, and Pilot Knob, all about 7,000 
feet high. From the two latter points the plateau of the Clearwater Mountains 
descends abruptly to that of the Columbia River lava, •1:,000 feet lower. 

The view from Bald Mountain is instructive and impressive — even magnificent — 
but, unfortunately, not easily shown in a photograph. Eastward lie the Clearwater 
Mountains, with comparatively level crests and a maze of canyoiis and ridges, a 
wild and lonely country across which the trail leads for 115 miles, the first 80 
of which does not disclose a settlement or even a miner's cabin, while westward, 
and 4,000 feet below, spreads the undulating plateau of Camas and Kamiah 
prairies, checkered with waving wheat fields or wild grass, ^^ellow or golden 
brown at this autumn time. Rarely are wilderness and culture brought into so 
close contact upon such a tremendous scale. Nothing but this high lava plain is 
visible as far as the eye reaches^ toward the west, far into the State of Washington. 

The southerly ridge, forming the divide between the South Fork and the 
Salmon River, continues 35 miles west of Little Salmon Creek with the same 
general aspect of broad forested ridges, with long and gentle slopes toward the 
north and abrupt descent southward toward the great canyon of the Salmon; 
then the high isolated complex of Buffalo Hump rises above it to 8,800 feet in 
elevation. West of Buffalo Hump the ridge dividers again. One branch bends 
northward and drops off suddenly to Camas Prairie at Mount Idaho, while the 
other one continues 30 miles west, sagging to a gentle plateau of 6,000 feet 
elevation at Florence, rising again in the great bend of Salmon River to 8,000 
feet, and then suddenly dropping off 6,000 feet into the can\^on of that river. 
From this most westerly point of the Clearwater Mountains, across the deep 
chasm of the Salmon and Snake canyons, the skj^line is formed b\^ the lava 
plateau, which here is higher, reaching 5,000 or even 6,000 feet in elevation. To 
the south, across the Salmon River, rise the tirst spurs of the Seven Devils, an 
outlying group of sharj) peaks, surrounded on the south and west by the Columbia 
River lava, but connecting on the east with the Salmon River Mountains. 

CANYONS. 

The widely branching forks of the Clearwater River, which empties into the 
Snake at Lewiston, drain a territory of nearly 8,000 square miles. The streams 
flow throughout in deeply incised canyons, usually so narrow and rocky as to 
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rarel}' afford space for a ti-ail along the water line. Only along its lowest course 
from Stuart to Lewiston is the Clearwater lined at intervals with small strips of 
bottom lands. For 60 or 70 miles above Lewiston it has cut a trench 1,0<X) to 
2,000 feet deep, with precipitous slopes, through the horizontal beds of the 
Columbia River lava; beyond this limit begin the Clearwater Mountains, and in 
this province the canyons are less precipitous but far deeper, 4,000 feet being 
a common vertical distance between the summit of the ridges and the bed of the 
stream. The slopes are fairly gentle for some distance from the summits, but 
become much steeper farther down toward the bottom. Forty miles above Lewis- 
ton the Clearwater receives the North Fork, which drains a large territory, its 
headwaters reaching the Montana-Idaho boundary line. This fork lies almost 
entirely outside the territory' covered by this reconnaissance. Forty miles farther 
up the river again divides; the Middle Fork continues 25 miles due east in a deep 
canyon cut through the westerly ramparts of the Clearwater Mountains and then 
forks again. The northerly branch, Lochsa Fork, heads near Lolo Pass and flows 
through a canyon 4,000 feet deep, receiving few tributaries from either side. The 
southerly bi-anch, called the Selway Fork, drains the larger part of the western 
slope of the Bitterroot Mountains and splits up in a maze of branching and winding 
streams. The South Fork, final h', which is considerably smaller, and has a less 
deeply trenched canyon, heads near the Salmon River divide, first flowing in a 
westerly direction, changing at Mount Idaho to a northerly course. 

The grade of the rivers is by no means excessively great, that of Lochsa 
and Selway forks varying lietween 25 and 40 feet per mile through the main part 
of the mountains. Close to the Bitterroot Mountains the grade becomes much 
steeper and the branches finally head in the great glacial cirques on the west 
side of the Bitterroot Range. 

A peculiar featui-e throughout this region is that the rivers receive their 
largest tributaries from the south and that near their headwaters they have a 
tendency to bend to the south. 

The Salmon River throughout this region flows in a deep canyon without 
appreciable amounts of lK)ttom lands. This trench is less split up into branches 
and is even more impressive than that of the Clearwater, its sides being also more 
precipitous. From Shoup to Freedom, a distance of at least 180 miles, the 
canyon is from 4,CKH) to 5,000 feet deep and al)out 10 miles wide, and has cut 
through the great uplifts of pre-Tertiary rocks. From Freedom to its mouth 
the river flows for about 00 miles through a high plateau of Columbia River 
lava, older roi*ks l)eing, however, generally ex|X)sed in the bottom of its canyon. 

Snake River is the main trunk stream of this region, and here forms the 
boundary of Idaho on one side and Oregon and Washington on the other side. 
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It first receives the Salmon and, 40 miles farther down, the Clearwater. Through- 
out this region it flows through the Columbia lava plateau in a deeply incised 
canyon, usually with steep sides. This canyon "may be divided into two well- 
defined sections of about equal length. Throughout the southern half of its 
course the river is in the }x)ttom of a magnificent canyon with deeply sculptured 
walls 4,000 feet high and about 15 miles wide at the top. The rim rock at the 
crest of the walls on each side is formed by the edges of a lava sheet which 
immediately underlies the surface of Craig Mountain and of another similar 
plateau in Oregon. The northern half of the portion of the canyon referred to 
is narrow, being perhaps 2 miles wide at the top, and is cut in nearly horizon- 
tally bedded lava sheets; the walls, which are so steep that they appear vertical, 
are about 2,000 feet in height. "« (PI. XIII.) 

(JEOLOGY. 



From all available information granitic rocks of massive structure prevail 
over the whole extent of the Clearwater Mountains. Gneisses appear only at 
Pierce, Elk City, Salmon Mountain, and Horse Creek in areas of moderate extent, 
everywhere shattered and intruded by granite dikes. The Clearwater granite is, 
in general, a light-gray granular rock containing biotite and some muscovite, 
quartz, orthoclase, and a large quantity of oligoclase, indicating a relationship to 
the quartz-monzonites. The grain varies from coarse to medium, and larger 
orthoclase crystals up to 1 inch in diameter are sometimes present. The quantity 
of soda-lime feldspar is also variable, and in a few places the rock is a normal 
granite. Pegmatitic dikes are not very common except in some portions of the 
gneissoid areas. The structure is usually massive, though an incipient schistosity 
is noted in some places, being especially frequent in dikes contained in the gneiss. 

From Lolo Pass, St. Marys Peak, and the summits at the head of Mill 
Creek the white outcrops of vast granite areas are seen far to the west. The 
Grave Peak complex and the whole of Lolo Ridge are probably of granitic 
character. The rock from Sherman Peak, on the western slopes, is a normal rock 
with much biotite and a little muscovite, orthoclase, and microperthite and a 
large quantity of oligoclase. A few smaller feldspar prisms are labradorite. 
Near Pierce, on Oro Fino Creek, the granite is slightly schistose and dioritic 
modifications occur near the contact of the true gneisses, beginning a short distance 
below the town. 

The Crags form the last high projecting point on the Lochsa-Selway divide. 
This rock, like the one just described, is closely allied to the quartz-monzonites. 

aRussell, I. C.,- Water-Sup. and Irr. Paper No. 53, U. S. Geol. Survey, 1903, p. 63. 
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Orthoclase and perthite are present in smaller quantity, but there is much oligo- 
clase; biotite occurs in small foils. 

The complex of Bilk Mountain was not visited, but from appearance, 
reports, and photographs by Mr. Lippincott granite is here the prevailing if 
not the exclusively occurring rock. (PI. XI, B,) 

At Lost Horse Pass, described above (p. 44), the gi*anite shows evidence of 
schistose structure and is cut by many joint planes. Granitic rocks also prevail 
for a long distance west of that pass. 

On the Salmon River divide granite begins on Horse Creek, and is cut by 
many dikes of granitic and dioritic porphj^'ies. The rock is here of the normal 
Bitterroot type })ut varie.s in gi'ain. West of the gneiss area of Salmon 
Mountain light-gray })iotite granite prevails again, but contains many sharply 
defined inclusions of gneiss and occasional dikes of granite-porphyry. On the 
ridge east of Little Salmon River the granite has a slightly gneissoid structure. 
From this point to Ryans Meadows on the Red River, where the wagon road 
to Elk City begins, granite prevails. A specimen 4 miles west of Little Salmon 
Meadows is a coarse biotite-granit-e, orthoclase prevailing over the plagioclase, 
which seems to be an andesine. In the scant outcrops inclusions of micaceous and 
often contorted gneiss are common, indicating, perhaps, the vicinity of a larger 
gneiss area. Many of these gneiss fragments are injected in the small pegmatitic 
dikes parallel to the schistosity. After the large gneiss area of Elk City has 
been traversed the road leads down from Summit House to Harpster on the 
Clearwater. Granite adjoins the gneiss here and occupies the western slope 
toward the river down to an elevation of 8,800 feet, where the granite borders 
with intrusive contact against black slates and limestone of probably Triassic age 
(p. 73). 

Granite occupies large areas again on the head of Crooked River. A speci- 
men from the Homestake mine is a coarse biotite-muscovite rock, containing 
abimdant microcline and a small amount of oligoclavse. It is clearly a typical 
granite, comparatively rare in this region. 

On the other hand, at Buffalo Hump the light-gray granular rock contains 
very little muscovite, very abundant oligoclase, and probably also andesine; it is 
evidently a quartz-monzonite. The Florence granit<5 is similar, while at Warren 
(south of Salmon River) there is nmch muscovite and a smaller (|uantity of soda- 
lime feldspar. 

«N'EIS8. 

The gneiss areas lie embedded at various places in the gi-anite, dikes of which 
are abundant in the schistose rock. Ordinarily it is a biotite-microcline-gneiss 
which evidently is derived from a granite; crushing and folding on a small scale are 
very frequent. The dip, usually moderate, is characteristically variable. 
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Beginning on the north a series of coarse micaceous and hornblendic banded 
gneisses appear on Oro Fino Creek just below the mining camp of Pierce (p. 102). 
Their strike is N. 70^ W., the dip being nearly vertical. South of Pierce on 
Musselshell Creek and thence up to Sherman Peak granite prevails, but smaller 
areas of gneisvsoid rocks, probably inclusions, are encountered in places. 

§outh of this begins the greatest gneiss area of this region, extending 40 miles 
long and 20 miles wide across the Middle and South forks of the Clearwater. Most 
common is an often crumpled biotite-microcline-gneiss with characteristically 
variable strike and dip, the latter from 20^ to 90°. Coming from the east on the 
Nez Perce trail this gneiss is first met at Ryans Meadows and continues to Elk City, 
15 miles distant. It is coarse, rich in mica, and often crumpled perpendicularly to 
the strike. The gneissoid structure is chiefly caused by the parallel arrangement 
of the mica foils, to less extent by the elongation of other constituents. Micro- 
scopically it consists of much microcline, orthoclase, and quartz, with less amount 
of plagioclase of medium acidity. There is further biotite with some hornblende, 
titanite, and epidote, the latter seemingly primary. Sometimes the mica foils 
curve around the white constituents, giving the rock an ocellar structure. It is 
well exposed in the bed rock of American Hill placer mine (p. 93) and here con- 
tains bands of fine-grained very micaceous rock and manj^ narrow pegmatite dikes 
parallel to the schistosity. Dikes and gneiss are greatly contorted and crumpled. 
At Buffalo Hill placer mine the bed rock is similar gneiss but is cut in all directions 
by granite dikes. On Crooked River gneiss with micaceous streaks continues to 
a point 2 miles below the Badger mill, where it is replaced by intrusive reddish 
granite. Similar micaceous gneisses prevail between Elk City and Newsome and 
continue, cut by granite dikes, to a point 2 miles west of Mountain House, on 
the main road, where it is cut out by intrusive granite. Three and one-half miles 
west of the same place a narrow wedge of gneiss crosses the road, but granite 
again sets in and continues to near the foot of the grade to the Clearwater River. 

The Middle Fork cuts across this gneiss area from Stuart eastward to beyond 
the Lochsa and Selway forks. Six miles above Stuart granitic gneiss begins; 8i 
miles above are greenish schists striking N. 30° W. and dipping 70° WSW. Then 
follows micaceous gneiss up to the forks of the river. The point of the ridge 
between these is of gneiss, but 6 miles west of the Crags the trail crosses into the 
granite which forms the Crags. Near the contract the gneiss is cut by dikes of 
granite and pegmatite. 

East of the Elk City gneiss area the granite contains many gneissoid inclusions. 
No large areas are, however, encountered until the great reef of Salmon Mountain 
is crossed. This consists chiefly of gneiss, extending probably all the way from 
Caseknife Mountain on the edge of the Salmon River Canyon north to McGruder 
Mountain. The whole mass is a banded and contorted micaceous gneiss, striking 
6995— No. 27—04 5 
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northeast and dipping steeplj^ northwest. A specimen from the top of Caseknife 
Mountain is a gray and medium-grained gneiss consisting of allotriomorphic quartz, 
orthoclase and andesine with many foils of dark-brown biotite. Granitic injections 
of aplite, hornblendic granite, granite-porphyry, etc., are very extensive. 

Good exposures were seen by Mr. Stose in the glaciated gulch leading up to 
Caseknife Mountain from Salmon River on the southeast. Numerous slipping 
planes suggest movement along the schistosity. In places the gneiss is much 
folded, quartz veins xirossing the schistosity partaking in this movement. Intrusive 
granite dikes are conmion and have been made gneissoid parallel to the schistosity. 

On the ridge eastward between Salmon Mountain and Horse Creek granite 
prevails but contains very sharply defined and broken shattered fragments of 
gneiss. 

The most easterly area of gneiss begins on Horse Creek and extends up to 
the divide between Salmon and Bitterroot rivers;' including the mining district of 
Mineral Hill (p. 90). This area which may possibly connect with that of Salmon 
Mountain along the deep canyon of Salmon River, borders against intrusive 
granite on the west, and probably underlies the sedimentary series of the head of 
the South Fork of the Bitterroot on the east. The gneiss is often coarse and dark 
gray and shows ocellar structure due to the curving bands of biotite. It consists 
of biotite, quartz, much microcline, and a small amount of plagioclase. Many 
bands are highly micaceous and sometimes contorted. The strike of this gneiss 
at the Horse Creek mines is north and south; the dip 40^ E. The poor outcrops 
rarely permit good determinations, and a secondary cleavage often makes it 
diflScult to find the true schistosity. Many dikes of granite-porphyry and granite 
cut this series. 

SEDIMENTARY ROCKS. 

Only few and small areas of sedimentaiy rocks have thus far been noted 
in the Clearwater Mountains, granite prevailing everywhere with smaller areas 
of gneiss. The probably pre-Cambrian areas of Lolo Fork and South Fork of 
Bitterroot River apparently do not enter the watershed of the Clearwater River, 
though continuing close up to its limits. On the western side a small area of 
dark-gray, fine-gi-ained quartzites is found on Relief Creek between Crooked 
River and Red River, south of Elk City. Nothing is known as to their relations 
with the surrounding gneisses. Pebbles of this rock are very common at the Buffalo 
Hill hydraulic mine on American River (see p. 94), The only other sedimentary 
rocks encountered form irregular inclusions in the granite of Buffalo Hump (see 
p. 98). They are slates, quartzites, and limestones of unknown age, shattered by 
granitic dikes and greatly contact metamorphosed to mica-schists, hornfels, and 
garnetiferous products. Many of these rocks contain microscopic tourmaline. 
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TERTIARY GRAVELS. 



The great flows of the Cohimbia River lava dammed the old drainage ways 
to present elevation of about 3,000 or 3,200 feet. The natural result was heavy 
accumulations of gravels in the lower reaches of the Clearwater streams. Remaining 
benches of such gravels a^-e beautifully developed in the Elk City mining district 
(p. 91), where the highest of these attains an elevation of 4,500 feet. Similar 
conditions existed, closer to the valley, at Pierce, where the highest remaining 
gravel benches reach elevation of 3,300 to 3,500 feet (p. 102). Remains of gravels 
are also found on the ridge between Lolo and Musselshell creeks at an elevation 
of 3,700 feet. 



GLACIATION. 



The large confluent ice sheet which once covered the whole of the Bitterroot 
Range has been described in some detail on a previous page (p. 51). 

Within the Clearwater Mountains no evidence of such general and widespread 
glaciation is found, dile of course to the fact that the mountains rarely attain an 
elevation equal to that of the Bitterroots. The glaciation in the Clearwater 
Mountains is confined to a few isolated locahties, and evidences of its existence 
appear wherever any considerable area of country exceeds 8,000 feet in elevation. 

Beginning on the north the first center of glaciation is met at Rhodes Peak 
on the Lolo Ridge, from which doubtless small glaciers extended in several 
directions. Going west another local center from which small glaciers radiated 
appears at Bald Mountain and Castle Butte. Finally, a few miles farther west 
on the slopes of Rocky Ridge three or four smaller glaciers appear to have 
descended the streams leading up to that peak. 

The ridge between Lochsa and Selway forks of the Clearwater is rougher 
and higher than the Lolo Ridge, and Grave Peak was evidently the center of an 
extensive glaciation, the ice streams descending in all directions from it. It is 
probable that this ice field was connected by way of Diablo Peak with the main 
ice-covered area of the Bitterroot Mountains. The glacial lakes near Grave Peak 
are shown on PI. XII. 

Still farther west the Crags near the end of the ridge rise to an elevation of 
ov.er 7,900 feet. Smajl glaciers doubtless descended from their summits. 

On the southern divide between Salmon River and Selway Fork the effects of 
glaciation are only prominent around two centers. The first one is Salmon Moun- 
tain reaching 8,881 feet. From the broad shoulders of this mountain wide glacial 
cirques descend in several directions. The glaciated area here probably covered 
20 or 30 square miles. The divide from this point eastward to the head of the South 
Fork of the Bitterroot is very high and local glaciers may well have existed in 
some places. 
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From Salmon Mountain westward for 40 miles the smnmitu of the ridges are 
broad and show no effect of ice sculpture, although the elevation often rises above 
7,000 feet. Fort}' miles due west of Salmon Mountain a high complex of granitic 
hills rises to a height of 8,810 feet, the highest point being called Buffalo Hump. A 
n^v^ field covering several square miles existed here and glaciers extended eastward 
for several miles down into Lake Creek, which drains into Salmon River, and 
westward at least an equal distance into Sheep Creek, also draining toward the same 
stream. 

West from the line drawn from Buffalo Hump north toward Rocky Ridge on 
the Lolo trail the country slopes rapidly toward the plateaus of Columbia River 
lava, and no evidences whatever of a former glaciation are observed. 




Fio. 6.— Salmon River Canyon seen from diorite point at Holdenreid ranch, near Eeuterville; looking aontheast, 
upstream, toward White Bird. Diorite continues across river; granite hills of Mount Idaho in left background; 
horizontal basalt flows elsewhere. 

THE LAVA PLATEAU, a 



TOPOGRAPHY. 

From the western heights of the Clearwater Mountains a rapid descent leads 
down to a volcanic plateau occupying vast areas in Idaho, Oregon, and Washington. 
Geologically, this is formed by a great number of thin, horizontal basaltic sheets, 
and the formation is called the Columbia River lava. Between the North Fork and 
Harpster (on the South Fork), a distance of 50 miles, this plateau has a marginal 
elevation of about 8,000 feet, and a strip of it, up to 10 miles wide, lies on the east 
side of the Clearwater River, largely open and grassy on the south, more heavily 
timbered toward the north. West of the 1,000 to 1,500 foot trench of the Clearwater 
the direct (continuation of this lava plateau is found in the broad, open Camas and 

a Ah thi« region has been described in considerable detail by Prof. I. C. Russell In Water-Supply and Irrigation Papers, 
Nos. 63 and 54, U. S. Geol. Survey, especially in regard to the Columbia River lava and the water supply dependent on it, 
the reader Is rcfernHl to that valuable report for detailed information on these subjects. 
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VIEW SOUTHWEST FROM GRAVE PEAK, CLEARWATER MOUNTAINS. SHOWING GLACIAL LAKES. 




Ji. WALTON LAKE. NEAR GRAVE PEAK. CLEARWATER MOUNTAINS. 



TOPOGRAPHY OF THE LAVA PLATEAU. 
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Kamiah prairies, varying in elevation from 3,000 to 3,600 feet; the two are separated 
by the abrupt Lawyers Canyon, named after a Nez Perc^ chief prominent in the 
war of 1877. West of Camas Prairie ri.se the hills of the Cottonwood Buttes, 
points of older rocks projecting through the lava sheets to an elevation of over 4,500 
feet. To the southwest of Kamiah Prairie and separated from the Cottonwood 
Buttes by a high gap (elevation 4,000 feet) extends Craig Mountain, a broad dome- 
shaped swell of the lava attaining nearly 5,000 feet. The latter overlooks the deep 
can^-on which the Snake has cut through the lava sheets. The Cottonwood Buttes 
overlook the similar deep gash cut by the Salmon, fig. 5, both canyons being about 
8,000 feet deep. The lava plateau covers the point between the two great rivers, 




Fig. 6.— View north of Rocky Ridge on the Lolo Ridge over the Coeur d'Alene Mountains, showing the continued 
plateau character north of the Clearwater Mountains. 

but has here an elevation of 4,000 feet. It also covers the whole adjacent part of 
Washington and Oregon, the elevations of the plateau increasing southward from 
3,000 feet opposite Waha to 4,000 feet or more on the (irande Ronde and the Imnaha, 
important tributaries received by the Snake from the west. South of Grangeville 
the Clearwater Mountains rise })oldly. North of the Kamiah Prairie the lava plateau 
descends to the Lowiston Plateau, which has an elevation of about 1,500 feet. 

Near Oro Fino, the Clearwater River bends sharply and flows for 40 miles 
almost due west to Lewiston, where it joins the Snake. The latter river itself 
makes a sudden turn of W^ at Lewiston, and for considerable distance into Wash- 
ington follows the east-west direction of its tributary. This east-west direction 
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of the rivers stands in some causal connection with the bold scarp of the Union- 
town plateau which all along follows their north side; the general elevation of 
the latter plateau is 2,500 to 3,000 feet and the steep slope carries it down 1,600 
to 2,000 feet to river level. 

GEOLOGY. 

PRE-TERTIARY FORMATIONS. 

An examination of the many deeply cut canyons within the province of the 
Colmnbia River lava soon reveals the fact that the underlying surface of older 
pre-Miocene rocks is extremely uneven and that the bottoms of the main streams 
before the time of the lava flows were at a lower level than they are at present. 
Thus the old rocks are irregularly exposed in many canyons and again at other 
places west of the main slope of the Clearwater Mountains where they are partly 
or wholly surrounded by the volcanic flows which rise above the general level 
of their surface.^ 

The series of rocks exposed below the lava is of a very complex character 
and consists of slates, sandstones, limestones, greenstone-schists, gneiss, diorite, 
and granite, the detached exposures making the study difiicult. It is pretty 
clear, however, that two or three systems of bedded rocks are present. The 
first and oldest is chiefly exposed on the North Fork and at Oro Fino and con- 
sist^s of true gneisses and mica-schists, sometimes with intercalated limestone; it 
bears the marks of extensive regional metamorphism and is probably very old, 
possibly pre-Cambrian, and should be classed with the gneisses of Pierce and Elk 
Cit3\ The second and younger series is exposed on the Cottonwood Buttes and 
in the great canyon of the Snake; it is distinctly sedimentary, containing lime- 
stone, sandstone, and black slates, much disturbed but of imperfectly known 
structure, and associated with it are large mavsses of greenstones partly schistose 
and tuffaceous. 

A third division consists of the also distinctly sedimentary rocks of Salmon 
lliver Canyon, Mount Idaho, and Harpster, which continue up to this point from 
the Seven Devils with persistent northeasterly strike. This division, which may 
be identical in age with the second series, is believed to be of Mesozoic-Triassic 
age. Granite and diorite, forming a spur of the great are^ of this kind of 
the Clearwater Mountains, has been intruded on a large scale into these three 
divisions of sediments. A bay of these rocks extends from Pierce, crossing 
the Clearwater near Kamiah and Greers Ferry, to eastern part of the Cotton- 
wocxl Buttes, probably reaching the canyon of the Salmon west of Giangeville. 

uFur these projeeliiift: iwdnts of more ancient nK'ks. islnn<ls a< it wore In the lava floods. Professor Russell has 
l>roiM>ed the name of **Sle])tues." from a bulte of that numv nurtli of the urea here considered. 
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CANYON OF SNAKE RIVER, LOOKING NORTH FROM POINT NEAR WAHA. 

Snows Columbia River basalt 2,000 ftjet thick. Clearwat«^r t»s' arpmer.t is seen in background 
(PholOftraph by I. C. Russell.) 
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Of all the mein underlying rock formations this is doubtless the youngest. An 
approximately correct map of the exposures below the lava ma}' be seen on PI. I. 

Beginning with Snake River, the first exposure of pre-Neocene rocks is 
noted in the basalt canyon of the Snake River, 26 miles below Lewiston. It is 
a coarse light-gray gneiss, apparent!}' a sheared granite with large pressed aggre- 
gate of orthoclase and quartz, surrounded by flaky films of biotite and hornblende. 
The exposure is one-half mile long and rises 250 feet above the river. On the 
Clearwater no exposures of old rocks are seen until 25 miles above Lewiston 
and 3 miles below Contact, from which place the exposures continue for 8 miles 
until a point above Oro Fino. In Bedrock Creek and Big Canyon, quartzites 
and greenstone-schists are exposed, seemingly identical with the Cottonwood 
Butte series and having a strike of N. 25" W., the dip being 30^ E. 

At the mouth of the North Fork, Professor RusselF' found diorite, gneiss, 
and micaceous garnetiferouS schists striking a little west of north and dipping 
70^ to 80^ E. One and one-half miles above the mouth of North Fork the rock 
is a fine-grained gneiss with bands of whitish quartzite. The strike is N. 70^ 
W., the dip 65^ NNE. A short distance above the town of Oro Fino the rocks 
are micaceous quartzite and mica-schists, containing a coarsely crystalline lime- 
stone in well-defined beds 120 feet wide, which may be followed for 1^ miles 
southward, where it is narrow, and one-fourth mile northward. The strike is 
N. 25^ E., and the dip 78^ ESE. Two and one-half miles above Oro Fino the 
micaceous quartzites and mica-schists strike N. 55- W., dipping steeply south- 
west. Near the mouth of Ford Creek basalt covers the bottom of the canyon. 
South of Ford Creek, a)>out Greers Ferry and the mouth of Lolo Creek, the 
prevailing rock is a massive granite or diorite, some of it at (xreers Ferry ))eing 
a very beautiful coarse pegmatite, consisting of plagioclase and hornblende. A 
few miles above Kamiah the granite disappears below the ))a.salt, which now for 
10 miles or until a few miles below Harpster, forms the bed of the river. 

Small Ijed-rock exposures occur on the top of tlie plateau near Fletcher, 
on the liead of Big Canyon, and on Mission Creek, where limestone has been 
observed by Professor Russell.* 

The Cottonwood Buttes are, as stated above, a series of pine-clad hills pro- 
jecting somewhat over 1,(HJ0 feet above the lava plateau of Camas Prairit'. The 
western and highest part consists of prevailing greenstone-schists, alternating 
with massive greenstones and smaller areas of partly tutt'aceous day slate and 
quartzitic slates, the latter fairly being well exposed on the road from Cotton- 

«Waltjr-Sup. and Irr. Paper No. M, U. S, Geol. Survey, 1903, p. 24. 

6 Water-Sup. and Irr. Paper No. 54, U. S. Geol. Survey, 1903, p. 120. Analyses are here given of limestones fn>m Snake 
River, Mission Creek, and Oro Fino. All are practically pure carbonate o£ calcium, the last uamed only containing 3 per 
cent magnesia. 
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wood to Keuterville. The greenstones appear to be old lavas of andesitic or 
basaltic character. The strike is northeasterly, the dip being at a high angle and 
rarely determinable with exactness. Eastward the older rocks continue for sev- 
eral miles out into the lower country toward Greer Creek and Columbus, but is 
here principally granite and granite-porphyry. Immediately south of these 
buttes the plateau breaks off into the great canyon of the Salmon. A narrow 
and shallow rim of basalt flows, separates the old rocks of Cottonwood Buttes 
from this great trench, and from prominent points on the edge of the canyon a 
magnificent view is obtained (fig. 5). The rocks are here chiefly greenstone-schists 
with some massive dark and medium-grained diorite. The Cottonwood Buttes are 
recognized as a great reef of the sublava series continuing across the canyon 
with a southwesterly direction. Across the Salmon River the highest point of 
the old spur is only 2,000 feet above the sea and is covered with 2,000 feet 
of basalt. 

In the Salmon Canyon bed rock is exposed for at least 30 miles between a 
point southwest of Keuterville and White Bird Creek. Little is known as to its 
character. Professor Russell states that below Keuterville there is much of a 
light-colored igneous rock. Limestone is reported from a point in the bottom of 
the canyon between Rocky Canyon and White Bird Creek. 

At Denver, one of the lowest points on the Camas Prairie (elevation 3,125 
feet) and situated on the divide between the Salmon and the Clearwater, bore 
holes have penetrated 240 feet of lava and struck, according to reports, a granitic 
rock at that depth, water under considerable artesian pressure being also obtained, 
rising to a point 150 feet below the surface and indicating a bed-rock depression 
with supply from the direction of the Cottonwood Buttes or Mount Idaho. 

The bed-rock exposures along the Snake River above Lewiston have been 
described by Professor Russell,** and an abstract of his statement is given below. 

The first outcrops of older rocks in the canyon occur 12 miles above Lewiston, 
west of Waha. A bluff of diorite-porphyry rises here on the east side of the 
canyon below the lava to a height of 3,300 feet above the river; a lower bluff 
of the same kind appears on the west side of the canyon. A few miles farther 
up, at the mouth of Grande Ronde River, the underlying rocks appear again 
with rough topographic form, the summits of the old topography attaining a 
height of 2,500 feet above the river and being covered by 1,500 feet of horizontal 
basalt flows. The rocks are thin-bedded limestones (with indefinite fossils), schists, 
and diorite. The dip is generally northward at angles of 40^^-45'^, sometimes 
also vertical. The rocks beneath the basalt are exposed in the lower 2,000 feet 
of the canyon all the way up to a few miles above where the Salmon River 

« Water-Sup. and Irr. Paper No. 63, U. S. Qeol. Survey, 1903, p. 26. 
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enters. They were examined by Mr. Russell at Cottonwood Creek a few miles 
below the mouth of the Salmon; he states that the stratified rocks are much 
disturbed but generally strike northeast- southwest with variable dip. Sandstone 
conglomerates, shale, and limestone were observed. Intrusive rocks, diorite, and 
diabase-porphyry also occur. Quartzite and diorite were noted near the junction 
of the Salmon and the Snake. 

It remains to describe the interesting series of rocks from the canyon of the 
Salmon above White Bird, from Mount Idaho and from the South Fork of the 
Clearwater. 

One hundred and ten miles south-southwest of Grangeville, at Huntington, 
Oreg., at the beginning of the great canyon of the Snake, first appears a series 
of slates and limestones with great masses of interbedded old lavas. These rocks, 
which continue for 30 miles along the canyon', have a northeasterly strike and pre- 
vailing northwesterly moderate dip. Their age is not positively known. Farther 
north this series is covered by Neocene basalts. The same, or at any rate, a very 
similar series appears at the Heald mining district and in the Seven Devils, Idaho, 
old surface lavas with intercalated slates and limestones prevailing. Fossils found 
in the Seven Devils indicate with certainty a Triassic age.^ 

Thirty miles northeast of the Seven Devils a similar series of sediments and 
associated igneous rocks is excellently exposed along the Salmon River Canyon,* 
near Freedom, the interval between these two locations being occupied by high, 
rugged ridges as yet unexplored. The prevailing series in this part of the Salmon 
River Canyon consists of clay slates and persistent beds of crystalline limestone 
with associated partly sheared greenstones (chiefly old surface lavas), having a 
general northeasterly strike and a southeasterly dip of about 45"^. No fossils were 
found here. Granites and diorites, exposed in places below the horizontal lava 
sheets, and belonging to the great intrusive area of central Idaho, adjoin the 
whole series on the Idaho side from near Weiser, Idaho, the contact clearly having 
a northeasterly trend. The same contact is exposed east of Salmon River, as 
shown on PI. IX of the Twentieth Annual Report of the United States Geological 
Sur\"ey, pt. 3, and also on PI. I, this report. Extensive contact metamorphism 
marks the strip of slates adjoining the granito. In places, as above the great bend 
of the Salmon, 10 miles below where the wagon road to Florence crosses the 
canyon, gneissoid rocks are present along the contact in such volume as to suggest 
that they may possibly be part of an independent formation instead of contact 
metamorphic sediments. 

oLindgren, W., The gold belt of the Blue MouutaiiiH of Oregon: Twenty-Hccond Ann. Rept. U. S. Geol. Survey, pt. 
8, PI. LXIV, p. 581. The gold and Bilver veins of Silver City, De Lamar, and other mining districts in Idaho: Twentieth 
Ann. Rept. U. S. Geol. Survey, pt. 3, PI. IX. pp. 87-89. 

feLindgrcn, Twentieth Ann. Rept. U. S. Geol. Survey, i>l. 3, 1900. p. 581. 
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Along the road from Mount Idaho to Florence, a few miles south of the 
iPormer town, granite and some schists are exposed below the lava contact. 

East of Mount Idaho, in the canyon of the South Fork of the Clearwater 
occurs a series of sediments which seem to be the direct continuation of those 
of the Salmon River (Canyon. Mount Idaho is situated on the basaltic plateau, 
but in the canyon immediately east of it and 1,500 feet lower greenstone-schists, 
with bands of clay slate having a northeasterly strike, prevail. They are well 
exposed between the Dewey mine (p. 106) and Hinckley's ranch. A few injected 
granite dikes were observed in the schists. On the steeply rising hills east of 
the river at Hinckley's greenstone-schists first prevail, but 1,600 feet above the 
stream a strong and persistent belt of crystalline limestone is crossed, adjoined 
on the east by heavy masses of black and gray banded quartzitic slates. 

At Harpster, 10 miles farther down the South Fork, dark-green, medium- 
grained diorite is exposed in the bottom of the canyon below the lava, and continues 
for a few miles beyond that place until the lava dips below the river level. 
Prospectors affirmed that the diorite continues for 4 miles above the Harpster 
bridge. Above this there is said to be an alternation of limestone, slate, and 
greenstone. 

The most northerly exposure of this important northeasterly striking series 
is fomid on the road 5 miles east of Harpster. At an elevation of 3,850 feet, 
at the foot of a long grade descending over granite from Summit House and 
near the beginning of the lava plateau, appear outcrops of finely laminated clay 
slates striking N. 60^ E. and containing well-defined dikes of granite. Two miles 
south of this point Mr. Johnson found a bed of pure white crystalline limestone 
60 feet thick associated with decomposed greenish slates. This limestone would 
seem to be in the northeasterly continuation of the bed noted east of Hinckley's 
ranch; it had been utilized for quicklime, as indicated by a kiln built at the 
outcrop. 

Northeast of this point the sedimentary series is replaced b}' an apparently 
far older gneissoid series. The similarity of this whole northeasterly striking 
series from Huntington to the South Fork of the Clearwater and the definite 
identification at the Seven Devils warrant the belief that it is throughout, largely 
at least, of Triassic age. 

BASALT FLOWS. 

Topographically and geologically basalt is the most important component rock 
of the high plateau spread out at the foot of the Clearwater Mountains. As 
already indicated, the plateau is chiefly built up of a great number of horizontal 
basaltic flows, to which Professor Russell has given the formation name of the 
Columbia River lava. On the rolling surfaces of the high prairies little is seen 
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of this formation except the deep, fertile, dark-brown soil, to which it easily 
disintegrates. 

Along the walls of the many abrupt canyons which trench the formation its 
composition is beautifully and clearly revealed. The cliflfs and slopes, of somber 
dark-brown color, present a great number of horizontal, long, and persistent lines 
delimiting the individual flows and due to their varying resisting power toward 
erosion. Each flow is from 25 to 150 feet thick, the upper and sometimes also 
the lower part of each being more scoriaceous than the central part. Throughout 
the prevailing rock is a basalt,^ though varying much, for while some flows are 
very glassy others are almost granular and have a diabasic structure. These 
diflferences are no doubt due to differing conditions of cooling. A columnar 
structure, due to vertical contraction joints, is obsei*ved in places. 

In fresh specimens the basalt is nearly black, sometimes vesicular, more fre- 
quently massive. Typical specimens from the Clearwater Canyon, 4 miles below 
Contact and from the mouth of Potlatch Creek, are massive, black rocks of fine 
grain, and containing prisms of labradorite up to one-half inch long. In thin 
section, they prove to be olivine-basalt of diabasic granular structure, but also 
containing between the grains some dark-brown glass. Poi-phyritic labradorite 
crystals are on the whole very common in many flows. The basalts from the 
plateau of the Columbia River lava near the Seven Devils, Eagle Creek Range, 
and Boise are entirely similar. 

The only analysis of the Columbia River lava thus far available is a partial 
one, by Prof. Geo. P. Merrill, of a basalt from Walla Walla, and runs as follows:^ 

Analym of biimlt from Walla Walla, Wash. 
SiOj, 47.35 

^^^^^ \ :u.38 

MgO 4.43 

CaO 8.27 

Na^O 2.55 

K^O 1.33 

Loss on ignition 95 

99.26 
The persistence in petrographic characters over large areas is noteworthy. 

The age of the basalt flows would seem to be Miocene from the paleo-botani- 
cal evidence thus far available. (See p. 24.) Possibly Eocene eruptions make 
up a part of the formations hitherto grouped under the name of Columbia 
River lava. 

a Russell, I. C, and Diller, J. S., Waler-8up. and Irr. Puiht No. 4, 1897. p. 43. Lindsron. W., T\vt!ntieth Ann. Rept. 
U. S. Geol. Survey, pt. 3, 1900, \t. 90-93; Twenty-second Ann. Rept. U. 8. Geol. Survey, pi. 3. 190-2, pp. o92-o93; Geologic Atlas 
U. 8., folio No. 45, Boise. Idaho. 

& Water-Sup. and Irr. Paper No. 53, U. S. Geol. Survey, 1903, p. 44. 
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Intercalated between the basalt flows are occasionally found thin beds of 
white volcanic dust of rhyolitic character. Professor Russell mentions such 
occurrences from each side of Potlatch Canyon; beneath the Candle Rocks, on 
the left bank of Snake River below Lewiston; near Swallow Rock, between 
Clarkston and Asotin; also on Asotin and Captain John Creek in the canyon of 
the Snake above Lewiston." 

Waterlaid beds, consisting of clays and sands swept down from the sur- 
rounding mountains, oc»cur in some places between the lava flows. Basaltic tuffs 
are practically absent. Professor Russell states that on Small's ranch, on the 
Lewiston Plateau, the drill encountered 60 feet of sand and 90 to 100 feet of 
claj'' below 210 feet of basalt, these sediments being again underlain by basalt. 
These sedimentary, intercalated ]>eds can be traced over a large extent of coun- 
try in the northern and western portions of Nez Perce County and adjacent 
portions of Washington and Oregon. They probably extend to the foothills of 
the Bitterroot Mountains, but as there are other similar layers in that legion 
they have not been identified e^st of Craig Mountain.* At Cottonwood, on the 
Camas Prairie, gravel 56 feet deep has been penetrated below a surface sheet of 
60 to 70 feet of basalt. 

Along the canyon of the Clearwater River, from Stuart to Peck, there are 
indications of a thick sheet of sandstone and allied rocks at an elevation of about 
800 feet below the general surface of the plateau. The true relations are often 
obscured by landslides. The same, or a similar complex, 200-300 feet thick, is 
shown throughout the length of Oro Fino Creek from its mouth to near Pierce 
along the walls of the can5'on. These beds begin about 750 feet below the sur- 
face of the plateau, as along the Clearwater Canyon landslides are very common. 
Again, sandstone and carlK)naceous slate occur at the same level on Little Canyon 
Creek, draining a part of the broad plateau south of Oro Fino. Finally, on 
Potlatc^h Creek, which joins the Clearwater from the north about 18 miles east 
of Lewiston, a moderate thickness of sedimentar}- beds and volcanic dust appears 
in the basaltic series, 3 miles above the mouth of the canyon.^ "The Uniontown 
Plateau is underlain all along its southern border, and apparently throughout 
practically its entire area, b}' horizontal sheets of basalt, which include at least 
one important bed of clay, sand, and gravel, at a depth of about 160 feet below the 
surface."^ 

STRL'CTUKE AND PIIYSIOORAPIIY OF TIIK I'LATEAIT. 

Oroijenic dlsturhincen, — Like any other series of horizontally deposited l^ds 
the Columbia River lava is likely to be deformed into folds, and like any other 

a For analysis of this sco WaU-r-Sup. iin«l Irr. rui»or No. 53, U. S. Gool. Survey, 1903, p. 34. 
h Wnt«r-Su|.. iiml Irr. Paiwr No. 53, U. S. Gwl. Survey, 190:J, p. 35. 
♦•Ibid., pp. 3H-3U. 
rflbid., p. 57. 
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LEWISTON PLATEAU, LOOKING NORTH FROM NEAR WAHA. 
Clearwater escarpment and Uniontown plateau are seen in the background. ( Photograph by I. C Ru»sell.) 
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terrane it may of course be broken and faulted by orogenlc forces. Compara- 
tively little such folding or faulting has taken place, indicating a general absence 
of tangential compressive stresses. This seems to hold good, not only of the lava 
plateau, but also of the higher and older largely granitic plateau of the Coeur 
d'Alene, Clearwater, and Salmon River Mountains. The whole of central Idaho 
should perhaps be regarded as a rigid crust block, but little folded or faulted 
since Mesozoic time. 

Some disturbances of the Columbia River lava have, however, occurred in 
this region. Along the foot of the Clearwater Mountains the top of the lava 
flows is generally found at an elevation of 3,000 feet above the sea. Practically 
the same elevations obtain on the Camas and Kamiah prairies and on the Uniontown 
Plateau, and this level may be regarded as the surface of the sea of molten rock. 
Fifteen hundred feet lower than the general level is the Lewiston Plateau, 
bordered on the north by the Clearwater escarpment. Up to 1,500 feet higher 
than this level, is Craig Mountain, a long, broad lava swell, extending in a west- 
northwest direction between the Snake and the Clearwater. (PI. I.) Both of these 
features Professor Russell regards as monoclinal folds." The Lewiston Plateau is 
part of a synclinal trough, bordered on the north by the monoclinal fold of the 
Clearwater escarpment (PI. XIV). Craig Mountain is a gentle anticline separating 
the Lewiston Plateau from Camas Prairie. (PI. I.) 

EpeiTogenic dUturbaiices. — In a previous paragraph it has been shown that 
the combined ridge lines of the Clearwater Mountains (and also of part at least of 
the Salmon River Mountains south of the stream of the same name) would form 
a broad plateau surface, with an average elevation of about 7,000 feet. In places 
this plateau was depressed to 6,000 feet, while in other places irregular groups of 
hills rose to 1,000 feet above the average level. A slight westward slope probably 
existed and was the determining factor in the general plan of the rivers. This 
surface was evidently a surface of erosion, an old topography reduced from still 
older mountain systems, and lifted, like the rest of the great Idaho mountain 
mass, by epeirogenic processes long before the Miocene epoch to the position of 
a high plateau in which rejuvenated rivers could begin new and active processes 
of canyon cutting. The rather sudden descent from this old plateau to the later 
one of the Miocene lava is noteworthy. It can scarcely be due to erosion, but 
is rather due to deformation of the crust as suggested in the case of the similar 
st^ep descent of the plateau of the Boise Mountains to the lower valley of 
the Snake River.* The general character of this plateau between Florence and 
Buffalo Hump, and its contrast against the deep canyon of the Salmon River, is 
clearly shown on PI. IX of the Twentieth Annual Report of the United States 
Geological Survey, pt. 3. 

o Water-Sup. and Irr. Paper No. 53, U. S. Geol. Survey. 1903, pp. M-«l. «» Geologic Atlas C. 8., folio No. 45, Boise. Idaho. 
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By following the contact line of the Columbia River lava and the older 
formations of the Clearwater Mountains, it soon becomes evident that the basalt 
flooded the foothills to an approximate elevation of 3,000 feet; further, that the 
foothills of the Clearwater Mountains which it covered often had a sharply 
accentuated topography, and that the lowest points of the main streams of the 
old pre-Miocene system were considei-abl}' lower than the bottom of the drainage 
of to-day. The present streams of the region, the Clearwater and the Salmon, 
flow through the mountains in canyons which have a depth of from 3,000 to 
5,000 feet. The course of the upper and main parts of these streams could 
have been but little influenced In' the floods of basalt even had they filled their 
canyons up to a level of 3,0<J0 above the sea. They would in short time have 
reexcavated their can\'ons in the lava covering the bottom, and the main features 
of the great canyons would not have been changed. Only the lowest river 
courses, below a point where the lava flooded the divides of the canyons, would 
have been different. 

We thus come to regard the whole canyon system of the main fork of the 
Salmon above Freedom and the similar system of the Clearwater above Stuart and 
Harpster as a very old one, laid out as a constructive drainage on the slightly 
westward sloping plateau of the Clearwater Mountains. Its canyons were 
excavated almost to their present depth in Miocene time, before the Columbia 
River lava had flooded their lower reaches. Probably the grade was somewhat 
steeper, the post-Miocene erosion having succeeded in gradually reducing their 
gradient. The present steep slopes of the canyon walls have been retained, and 
are most emphasized near the stream lines because of the danuning of the lower 
reaches to elevations of 3,000 feet during the Miocene. 

Below the point where the lavas covered one or both of the confining ridges 
of the canyon the new river course would probably leave the direction of the old 
valley and follow the chance inequalities of the lava plain. A second series of 
constructive drainage would thus be outlined, and of this kind is the canyon of the 
Clearwater below Harpster, the canyon of the Salmon below Freedom, and the 
great canyon of the Snake River in practically its entire course between Huntington, 
Oreg., and its junction with the Columbia. In the Clearwater River, lava is Hrst 
encountered in the bottom of the stream a few miles below Harpster. Consulting 
PI. I, we may conclude that the Miocene canyon turned westward from this 
point and continued below Lawyers Canyon. From here it either extended north- 
westerh' below Big Canyon toward Lewiston, or, less probably, followed the 
depression between Craig Mountain and Cottonwood Butte in a southwesterly 
direction. Beyond Big Canyon all is covered by basalt, and the direction of the 
old river is consequently impossi))le to determine from surface indications. That 
an important tributary joined this river ]>elow the Lewiston Plateau is indicated 
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by the deep depression, bringing lava to the bottom of the Clearwater Canyon 
between Greers Ferry and Oro Fino. 

In a similar way the pre-Miocene trench of the Salmon River must have con- 
tinued below the lava plateau between the Snake and the Salmon, and probably 
crossed the present canyon of the Salmon a few miles above its mouth and the 
Snake River Canyon between Grande Ronde and Waha. 

As stated above, the canyon of the Snake River is of Miocene date and differs 
entirely from the pre-Miocene valley through which the drainage of the great 
Snake River Valley found its outlet. The relations of lava and bed rock along 
the course of the Snake River Canyon from Huntington down indicate that this 
pre-Miocene trench began near Weiser, Idaho, crossed the present canyon about 
the mouth of Pine Creek, and continued northwesterly between the Seven Devils 
and the Eagle Creek Range. 

Wherever along canyons the contact lines between lavas and older rocks reveal 
the old topography its accentuated character is prominent. It is thus at Waha, 
at the mouth of the Grande Ronde, at Freedom, and at Harpster. In the lower 
reaches of the rivers the old channels were cut deeper down into the bed rock 
than the present trenches have been enabled to do, although they have been 
excavated so deep that at present the river at Lewiston is only about 725 feet 
above the sea. This leads us to the conclusion that the region of the Columbia 
River lava along the mountains of Idaho has been depressed, and that it is a field 
of subsidence of epeirogenic character. This hypothesis I first formulated in a 
report dealing with the general geology of south-central Idaho ^ and repeated it in 
a later report on the Blue Mountains of Oregon.* Professor Russell has also 
arrived at the same conclusion.^ 

The problem would be less difficult if the surface of the lava everywhere 
approximately followed the 3,000-foot contour, as it mostly does along the foot 
of the Clearwater Mountains, but such is not always the case. On Mount Idaho and 
on the plateau between the Salmon and the Snake the basalt flows rise to elevations 
of 4,000 and 5,000 feet. Near the Seven Devils and the Eagle Creek Range they 
even attain 6,000 and 7,000 feet. Professor Russell^ reasons that because t\i? lava 
sheet is in places 4,000 feet thick the top sheet must have had at least that 
elevation above the sea, unless the old land surface was below the level of the 
sea, which is admittedly improbable. From this it might be expected that, since 
the lava sheets in eastern Washington and Oregon and adjacent portions of Idaho 
are still horizontal, the surface of the plateaus thus formed should have an eleva- 
tion of at least 4,000 feet above the sea. Instead, we find in numerous instances 
that the general elevation of the plateaus underlain bj^ essentially horizontal lava 

a Twentieth Ann. Rept. U. S. Geol. Survey, pt. 3, 1900, p. 96. 

b Twenty-second Ann. Rept. U. S. Geol. Survey, pt. 3, 1902, p. 598. 

c Water-Sup. and Irr. Paper No. 53, U. S. Geol. Survey, 1901, p. 54. 
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sheets is between 3,000 and 3,800 feet. This difference between the present 
elevation of the locally undisturbed plateaus and what is assumed to have been 
their original position indicates a subsidence of about 1,000 feet, which may have 
gone on during the time in which the lava was being extruded or may have occurred 
in part or wholly since the last sheet was spread out. Proceeding on the same 
lines, Professor Russell concludes that where slightly inclined strata of lava are 
found which stand high above the general level of 4,000 feet they have been 
upraised, and vice versa. The above line of reasoning starts with the assumption 
that the basalt spread out under hydrostatic conditions. This can not be unquali- 
fiedly admitted to be true; for it seems well possible that near the points of 
eruption the sheets may have been piled up to gently sloping accumulations con- 
siderably thicker than elsewhere. 

It is certain, however, that the course of the whole canyon of the Snake River 
and of the lower canyon of the Salmon River is difficult to explain except on the 
assumption that they were originally laid out over an approximately level plateau 
which has been gradually raised simultaneously with the cutting of the canyon, 
thus giving them the character of antecedent streams. The course of the Snake 
River Canyon has been established across the high plateaus at present 5,000 to 
7,000 feet above the sea, whereas if no uplifts had occurred other directions would 
seem to have offered a far more natural outlet for the stream. 

In conclusion it is believed that the region of the Columbia River lava has 
suffered a general subsidence accompanied by more localized uplifts. 

PLACE OF ERUPTION OF THE BASALT. 

There is no evidence of the existence of ash cones or tuff volcanoes within 
this part of the Columbia River lava formation, and it is thus more probable that 
the eruption of the fluid rock took place, without explosive action, from fissures 
from which the basalt flowed readily and continuously. No dikes of basalt were, 
however, observed in the foothills of the Clearwater Mountains, and we are thus 
forced to seek the focus of the eruption elsewhere. Only one local center of 
eruption has thus far been discovered. This locality is in the Eiagle Creek Range, 
Oregon, and has been described in detail in a previous report.^ A perfect network 
of basalt dikes here intersect the schists and granites near Cornucopia at elevations 
of about 7,000 to 8,000 feet, and immediately below this place the lava plateau 
begins. 

While the total thickness of the sheets sometimes reaches 4,000 feet, the 
average depth of the Columbia River lava is ordinarily much less in the region 
here described, 3,000 feet being probably the maximum and 2,000 feet possibly 
the average. 

a Twenty-second Ann. Kept. U. S. Geol. Survey, pt. 3. 1902, pp. 740-746. 
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COEUR D'ALENE MOUNTAINS. 

The geology of these mountains is practicall}' unknown, and this may be the 
excuse for publishing the following brief notes taken during 1899, on a trip 
from Lewiston to Spokane and thence across to Montana by way of Mullan Pass. 
A short stay was made at the Coeur d'Alene mines, and such notes regarding 
these important lead deposits as are available will be found on page 108. 

Going north from Lewiston on a branch of the Northern Pacific Railwa}' one 
soon ascends the Uniontown Plateau, which has an elevation of 2,500 feet, and the 
route continues for 50 miles northward just west of the Washington -Idaho line, 
over a rolling open country of Columbia River lava, well cultivated and forming 
a part of the rich wheat lands of the ''Palouse country." Spurs of older rocks 
project from the Coeur d'Alene Mountains and points of the same in places reach 
up above the general surface of the lava plateau. Of the former kind are the 
Cedar Mountains, near Moscow, Idaho, consisting of quartzite and granite, and 
the Tekoa Spur from the Moose Creek Mountains, which consists of slate. Of the 
latter kind are several quartzite points north of Pullman, as well as the Steptoe 
and Kamiack buttes described by Russell." Fifteen miles from Spokane the road 
crosses an area of very decomposed granite, locally used for the manufacture of 
fire bricks, and descends to the Spokane River, which near Spokane is flanked 
by basalt flows. These are underlain by fluviatile or lacustrine clays, which are 
probabl}^ younger than the Columbia River lava. 

From Tekoa a branch road runs up to Coeur d'Alene Lake and thence eastward 
across Mullan Pass into Montana. Along thit; line the formations seen are as 
follows: 

After crossing slates and quartzites, a spur from thp small complex known 
as the Moo^e Creek Mountain, the basalt begins again near Coeur d'Alene Lake and 
rises to bluffs forming a plateau 500 feet above the water (elevation about 2,500 
feet). The Columbia River lava continues up the Coeur d'Alene River a few 
miles east of the lake, and then begins a sedimentar>^ series of great thickness, which 
continues with west-northwest or northwest strike almost uninterruptedly to 
Missoula, Mont. The mountains consist of a maze of steep, narrow ridges, 1,000 
to 3,000 feet high, the level crest lines of which have an elevation of from 5,000 to 
6,500 feet. This region should be regarded as a very extensively dissected 
plateau. At first banded quartzitic slates prevail. North of Wardner the pre- 
vailing strike of the slates is N. 62^ W. and the dip al)out 50^ NNE. At Wardner 
the rock is a heavy-bedded gray quartzite, of medium grain; the bedding planes 
strike N. 70'^ W. with a dip of 60^ SSW. Quartzite continues up to Burke and 

« Water-Sup. and Irr. Paper No. 34, U. 8. Geol. Survey, 1900. 
5995— No. 27—04 6 
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Mullan, occasionally with narrow intercalated bands of clay slate. A mass of 
granite breaks through the quartzite between Ninemile Creek and Canyon Creek 
at Burke and is believed to stand in some genetic connection with the ore deposits. 
Possibly this granite continues northward to Murray, where gold placers and 
veins have been found. From Mullan Pass the railroad follows down the St. 
Regis de Borgia River for 30 miles, where it joins the Missoula; from this point 
it skirts along the Missoula River for 60 miles to a point near the town of the 
same name. The general direction of the road is east-southeast from Mullan 
Pass. Along this whole distance the prevailing rock are banded quartzites and 
slates, which strike northwest and dip variably but generally at 30° to 50° 
NE. Interbedded with the quartzites 30 miles west of Missoula are purple slates 
similar to those found on Lolo Fork. 

The whole series from Missoula to Coeur d'Alene Lake is evidently folded 
and compressed, and its thickness must be very great. Its age is unknown, but 
may well be pre-Cambrian. 

ECONOMIC GEOIiOGY. 

GENERAL FEATURES. 

Character of mineral deposits, — The valuable mineral deposits occurring in 
the area described in this report chiefly consist of fissure veins containing gold, 
together with associated placers, derived from the disintegration of the veins. 
Deposits containing lead and copper, usually also silver, occur also in several 
scattered places. Coal of an inferior quality has also been found in the upper 
Bitterroot Valley and in the lower Clearwater drainage. The lead-silver veins 
of the Coeur d'Alene Mountains are outside of the limits of this reconnaissance. 

Distribution of deposits, — ^The metalliferous deposits are grouped in two belts. 
The first is along the western side of the Bitterroot Mountains, chiefly in Montana; 
the second is along the western foot of the Clearwater Mountains, in Idaho. 
The deposits of each of these two belts are again principally grouped in two 
regions forming the four corners of the mountain area involved, while the central 
part of the Clearwater Mountains appears to be practically barren. The four 
metalliferous areas are distributed as follows: The first occupies the lower Lolo 
Fork and the northern end of the Bitterroot Mountains; the second is found on 
the headwaters of the South Fork of Bitterroot River, and reaches over into 
Idaho, connecting with the mineral belts at Shoup and Gibbonsville; the third, the 
most important area, includes Elk Cit}^ Buffalo Hump, Dixie, and Florence, as 
well as numerous places along the South Fork of Clearwater River; the fourth 
area centers in Pierce, but also extends to the headwaters of Lolo Creek on the 
south and to the North Fork of the Clearwater on the north. 
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Character of ore. — ^The primary deposits are almost exclusively iissure veins 
and with them are associated extensive placers of an age ranging from Miocene or 
Pliocene to recent. In the northern Bitterroot Mountains and on Lolo Fork veins 
occurring in pre-Cambrian (?) schists chie% contain copper, lead, and silver, 
although some gold is also found on Lolo Fork. The Curlew mine at the eastern 
foot of the Bitterroot Mountains contains argentiferous galena, and is located 
on a fissure between limestone (pre-Cambrian?) as the foot wall and, according 
to accounts. Pleistocene valley gravels as a hanging wall. The mine is not worked 
at the present time. On the upper Bitterroot River veins cutting porphyry 
likewise chiefly carry copper and silver, while argentiferous galena is also known 
from the Monitor mine, worked on, a vein in gneiss on the divide between Bitter- 
root and Salmon rivers. Gold-bearing gravels have been mined for many years 
on Hughes Creek. Southward this belt connects with the gold-bearing deposits 
at Gibbonsville and Shoup. The rocks at Hughes Creek and Gibbonsville are 
pre-Cambrian (?) quartzites and slates. 

West of these districts extends a wide granite area which as far as known is 
barren of mineral deposits. There can be no doubt that the Clearwater drainage 
was very thoroughly prospected for placers during the early days of mining, but 
outside of the South Fork very little of value has been found. In the upper part 
of the mountains the glaciation would naturally have swept awa}' any placer 
deposits which may have existed, and in this denuded portion it is not impossible 
that veins may be found. Nothing of much value has been encountered up to 
the present time. A large vein containing silver is reported to occur on Rhodes 
Peak north of the Lolo trail. Along the Salmon River the conditions are pr6b- 
ably more favorable and prospecting in the isolated region between Dixie and 
Shoup might possibly develop something of value. 

As stated before, the western belt chiefly contains gold; only a few scattered 
copper deposits are known. The placers of Elk City and Florence are well 
known in the history of Idaho and are still worked to some extent. Veins 
which furnish the material for these placers are known to occur in all these 
localities; the principal mining districts are Florence, Dixie, Elk City, and New- 
some Creek. The veins, chiefly occurring in gneiss, are almost exclusively of 
quartzose character and contain from 1 to 10 per cent of sulphurets, besides 
more or less native gold. The Buffalo Hump district, discovered in 1898, is situ- 
ated on the high divide between the Clearwater and the Salmon, and contains in 
granite and slate many strong quartz veins, with a varying percentage of free gold 
and auriferous sulphides. Active work is in progress there at the present time. 
The northwestern mineral-bearing area contains placers along Lolo Creek, Mussel- 
shell Creek, and Oro Fino Creek. Many quartz veins of similar character to 
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those from the southwestern belt are also worked in these districts. They are 
generally incased in schists; more rarely in granite. Veins of sulphide ores, con- 
taining gold and copper, occur in amphibolite close to Mount Idaho. 

nistory and production, — ^The deposits on the eastern slope of mountains have 
not proved of great importance and have chiefly been discovered and worked at 
a comparatively recent time. The total production of all the mines on this side of 
the mountains probably does not exceed $1,000,000, of which the larger part has 
been derived from the Curlew mine on the north and from the placers of Hughes 
Creek, near the head of Bitterroot River. The important gold belt on the west- 
ern slope was discovered about 1860, and very actively worked during the following 
years. Oro Fino, or Pierce, is reported to be the earliest discovery in Idaho. It 
was found in 1860, and during that season twenty -five men wintered there. The 
gravel near Pierce was not remarkably rich, but paid fairly well in 1861 and 
1862. <» In 1874 Pierce produced $70,000. Soon after this, however, the discov- 
eries in Montana drew most of the miners away from this place, and in 1867 but 
little mining was going on. Since that time, however, the placers and quartz 
mines have been worked each year, although in a somewhat desultory manner. 
The total production is impossible to ascertain, but probablj'^ has not exceeded a 
few million dollars. 

During late years placer mining has been carried on both in the low stream 
gravels and on the benches. There has also been a considerable activity in quartz 
mining, and several small mills have been built. The output of the placer mines 
in 1902 is estimated at $30,000, and that of the quartz veins at the same amount. 

Elk City and vicinity proved to be of greater richness. Few quartz mines 
have been worked there, practically the whole production being derived from the 
placers. In 1863 or 1864 the white miners began to leave this field, which the}'^ 
considered about worked out, and for nearly thirty 3^ears there were only two or 
three of them left in the district, which was almost entirely turned over to the 
Chinese. In 1892 the white miners began to come back, and the Chinese simulta- 
neously disappeared, very few of the latter being left now. A certain amount of 
placer work is still done in this vicinity each year, chiefly on bench gravels. 
The bars of the Clearwater River, which were worked extensively during the 
early days, are still occasionally washed. Regarding the total output of Elk Cit}' 
no satisfactory figures are available, but not unlikely the production amounts to 
between $5,000,000 and $10,()00,<M)0. 

After the first few years of abundant production the output fell rapidly. In 
1.S74 Elk City (including Newsome Creek and CUearwater station) produced 
$120,000. From 1882 to 1887 the Elk City district produced from $:35,000 to 
$73,000 per annum. During the n»cent years the output has again increased, due 

a Browne, J. Ross. Report on Mineml Resonroes. Wii>hinpton. 1868. 
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to the introduction of dredging and hydraulic operation, and during the last j'^ears 
has probably been from $20,000 to $4:0,000. Very similar were the conditions 
during later years in Florence, which camp has been described in a previous 
report/' The total output of Florence was, however, considerably larger than at 
Elk City. 

Florence, Warren, and Elk City are situated in Idaho County. According 
to the mint reports this county has, since 1880, produced an average of $200,000 
per annum, or a total of about $6,000,000. Something like one-half of this amount 
probably comes from Warren, leaving $3,000,000 for the two last camps for the 
last twenty years. Pierce is located in Shoshone County.* 

It is somewhat surprising that in spite of the recent activity in pros- 
pecting and working quartz veins the production of Idaho County should have 
decreased during the last few years. The mint reports give for Idaho County: 

Production of precious metals in Idaho County^ Idaho. 

1895 $243,700 

1896 155,350 

1897 236,500 

1898 203,500 

1899 166,000 

1900 152,000 

1901 161,500 

1902 t 157,023 

Geological relations, — Nearly all of the vein deposits occur in granite-gneiss 
or metamorphic slates and schists; the prevailing strike of the veins seems to be 
in an east-west direction. The granite, which is the prevailing rock, represents 
the northward continuation of the great area of central Idaho north of Snake 
River. Gold-bearing veins occur both within this area and along its contacts 
with the surrounding older sedimentary rocks. 

Within the region here discussed a peculiar relation obtains. The large 
central are^s of granite, whether sheared, as along the eastern margin of the 
Bitterroot Mountains, or massive, as usually is the ease, seem conspicuously bar- 
ren of deposits. The vein s^^stems appear in or close to the four smaller areas of 
sedimentary or metamoq)hic rocks which are found at the periphery of the great 
central granite area. It is thus in the quartzitic series of Lolo Fork, in the 
quartzites, slates, and gneisses of the upper South Fork of the Bitterroot, and in 
the old gneiss areas of Elk Cit}' and Pierce. While the age of the quartz veins is 
not established beyond doubt, it is probable that they were ^formed during the 
latter part of the Mesozoic era. 

a The gold an4 silver veins of Silver City, Do Lamar, and other mining districts in Idaho: Twentieth Ann. Rept. 
U. S. Geol. Survey, pt. 3, 1900, p. 233. 
fclhid., p. 238. 
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NORTH END OF BITTERROOT RANGE. 

Lolo Fork. — ^The gravels of Lolo Fork are said to contain a little placer gold, 
although there are no evidences of extensive workings. Quartz veins containing 
gold and copper are found in the calcareous quartzites 5 miles above the mouth 
of the river. One of these, called the Chickerman vein, crops half a mile below 
Westerman's ranch. The quartz contains a little chalcop3"rite and an 8-stamp mill 
was erected on the property in 1889. There is no evidence, however, of long- 
continued working. One mile below Westerman's, on the south side of the 
river, is another quartz vein containing copper minerals and referred to as the 
Sherman and Lattimer claim. 

Some copper prospects are located 9 miles above the mouth of the river and 
2^ miles above Westerman's ranch. The best prospects are contained in the lime- 
stone in Woodmans Creek, a tributary entering Lolo Fork from the north. A 
quarter of a mile from the river a vein crosses the gulch with a northeasterly 
strike. The decomposed croppings were worked in arrastre many years ago, the 
shallow oxidized zone having produced about $5,000. The tunnels driven in from 
Woodmans Creek have developed some good-looking copper ore, chiefly containing 
chalcopyrite and bornite. Five carloads of ore are said to have been shipped. 
About a thousand feet above this vein a dike of dioritic rock 10 feet wide appears 
in the bottom of the canyon. This rock contains chalcopyrite and specularite 
scattered through its mass. 

Mormon and Carlton creeks. — Several quartz prospects have been located on 
Mormon Creek, which heads near Lolo Creek and empties near the mouth of 
Lolo Fork. There is a considerable evidence of mineralization in this vicinity, 
and the zone is probably the continuation of the vein systems described from the 
lower Lolo Fork. 

One mile north of Carlton Creek the quartzites bear evidence of some miner- 
alization along the foothills of the Bitterroot Range, and this again may be 
considered to be a general continuation of the mineral belt referred to above. 

Few other prospects are known in this vicinity. It is stated, however, that 
galena veins have been found and prospected high up in the mountains on Bass 
Creek, a short distance north of St. Marys Peak. 

Curlew mine. — This deposit, which has produced a considerable amount of 
silver-bearing lead ore, is situated in the first foothills of the Bitterroot Range, 
at an elevation of 3,533 feet, 14 miles north of Hamilton and just south of the 
mouth of Big Creek Canyon. The mine is situated at the very point where the 
first foothills emerge from the Pleistocene of the valley. For a distance of half 
a mile west of the mine the rocks consist chiefly of limestones and quartzites, 
both usually much shattered and without clearly defined bedding. In places the 
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quartzites grade over into typical contact metamorphic homfels. The normal 
gneiss of the Bitterroot Mountains adjoins the quartzite and is well exposed along 
the canyon of Big Creek, the dip being, as usual, 25^ E. 

The deposit was not discovered until 1888, and was worked from that time 
until 1893. The total production is reported to have been $800,000. The prin- 
cipal developments consist of a perpendicular shaft 500 feet deep with crosscuts 
on several levels to the vein. The deposit shows few distinct outcrops, but as 
developed by mine operations strikes north and south and dips 45^ E. The 
workings are naturally not accessible at the present time, the shafts being filled 
with water, and the information here given was communicated to me by the 
former foreman of the mine, Mr. Thomas Corvan. The ore principally consists 
of galena; the first-class ore contained 55 per cent lead, 125 ounces of silver, and 
from $2 to $7 gold per ton. The ore body was found along a well-defined fissure 
on an average 10 feet wide and was all along on the east side protected by a thick 
water-tight cover of clay. Drifts penetrating this clay broke into gravel and 
sand containing much carbonized wood. 

From this information, which is doubtless correct, it would appear that the 
vein occupies a fault fissure between the quartzite and the Pleistocene gravels of 
the valley. This, besides being most unusual from a mining standpoint, has a 
structural significance which has been further discussed on page 48. 

A few hundred feet west of the shaft is a prominent outcrop showing traces 
of copper, lead, silver, and gold. This is probabl}" part of a vein which continues 
southward for half a mile to the Whippoorwill claim; it is in badly crushed lime 
and quartzite the entire distance. Northward this second vein continues to the 
east Curlew shaft where it was mined by the Curlew Company and found to 
contain a rich body of galena ore; $200,000 are said to have been extracted from 
this shaft. 

The Pleasant View prospects, — Several quartz veins containing silver have been 
prospected in the first foothills of the Bitterroot Range about 10 miles north- 
northwest of Hamilton and at an elevation of about 3,900 feet. The country 
rock is a granite forming a small area in front of the usual gneiss of the Bitter- 
root Range. The prospects are not worked at the present time and the develop- 
ments are not extensive, chiefly consisting of two or three shafts of a maximum 
depth of 100 feet. There is one especially strong quartz vein with a northeast- 
erly direction. The ore consists of quartz containing a little pyrite and tetra- 
hedrite. The values are chieflv in silver. 
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UPPER SOUTH FORK OF THE BITTERROOT. 

Trajpper Creek. — No deposits are known to occur south of the locality just 
described until the southern end of the mnge is reached; no placers have been 
worked and the creeks appear to be barren of even traces of gold. A quartz 
vein was noted on Trapper Creek, near the south end of the range and about 
3i miles from the mouth of the canyon. This is a shear zone 6 to 8 feet wide, 
occurring in granite, and containing several stringers of quartz. The strike is 
north-south and the vein stands nearly vertical. An assay was made of the 
quartz from this prospect, the result showing 0.06 ounce of gold and 0.30 ounce of 
silver per ton. No deposits of any kind have been reported from the Nez Perce 
Pass, or the creek leading up to the pass. 

Slate Creek, — About 18 miles south of the forks of the river Slate Creek 
joins it from the east. On this tributary are located several veins which were 
visited by Mr. G. W. Stose. The elevation at the mouth of Slate Creek is 
4,700 feet. Near the entrance to the gulch are four or five cuts on the north 
slope on quartz veins containing calcite and tetrahedrite. These prospects are 
contained in granite-porphyry. On Slate Creek, several miles above its mouth, 
a well-defined vein crosses it with a direction a little west of north. On this 
vein, which cuts through granite, quartzite, and porphyry several locations have 
been made. The one next the creek is called the Moon mine, and is continued 
southward into the ''Tiptop." At this place is exposed 6 feet of quartz dip- 
ping steeply to the west. The ore contains bornite, chalcopyrite, and tetrahedrite. 
The third location visited is ''Dynamo'- which is developed by a shaft 35 feet 
deep. Other prospects are located a short distance north of the Dynamo and 
among them is mentioned the Empire and the Carney. These are said to con- 
tain giilena and chalcopyrite. It is not known that any of the prospects on Slate 
Creek have any considerable production to their credit. 

Hughes Creek, — Eight miles south of Slate Creek, and about 10 miles north 
of the Salmon River divide, Hughes Creek joins Bitterroot River from the 
east. At its mouth is located the post-oflice of Alta (elevation 5,160 feet). The 
rock exposed here and for long distances above on the gulch is a heavy-bedded 
([uartzite. For about 10 miles above the mouth the creek has a rather wide 
}>ottom with occasional meadows. In places the width of the bottom lands is 
a (luarter of a mile. The walls of the canyon ascend with steep slope to a 
thousand feet or more above the bottom. Hughes Creek is known since the 
early days of mining as gold-bearing, and a continuous string of claims cover 
the bottom from the mouth up to the divide, 15 miles distant. For 10 miles 
above the mouth the gravels are deep, and bed rock has not been reached. At 
present the principal operations are carried on in the upper part of the creek. 



ORE DEPOSITS OF BITTEBBOOT RANGE. 89 

The gold is generally coarse and occurs in flat grains accompanied by garnets 
and black sand. All along, gravel terraces accompany the watercourse, although 
in many places they have been removed by erosion. Near the mouth there is 
a gravel bar 50 feet above the stream, and another one 200 feet above the same. 
Evidences of still higher gravel bars are found up to an elevation of 500 feet 
above the bottom, and many claims are located on these high bars. Whether 
any of these occupying larger areas near the mouth of the creek will pay for 
working is not certain. 

In 1899 at least three companies were working the creek, the first consist- 
ing of Orton, Molloy & Co. These men were ground sluicing — shoveling the 
material into the sluice boxes. A little higher up are the Keating claims. One 
mile above this the Wood Placer Company was beginning operations on a larger 
scale, using an elevator. In 1902 it was reported that the Wood Placer mines 
had been purchased b}' eastern capital and that a 4-mile ditch was being con- 
structed which will furnish a pressure of 300 feet. The company expects to 
operate two giants. Stream tin is frequently found with the gold in this creek. 

Johnson Creek, a few miles above Hughes Creek, is also said to contain a 
little gold. 

Mineral Point, — This mining district is located about 6 miles north of the 
Salmon River divide, near the head of Bitt^rroot River, at the point where the 
stream splits up in several branches. The elevation is about 5,560 feet. The 
formation consists of quartzitic and chloritic schists. A number of copper- bearing 
veins have been located in this vicinity, and some small shipments are said to 
have been made. The first prospects are located on Woods Creek, about 1 mile 
west of the main river. The croppings are found near the contact of the quartzite 
with gneiss or pegmatitic granite. The developments are very slight. The rusty, 
decomposed ore shows pyrite, limonite, and azurite. The principal prospect in 
the Mineral Point district is said to be the Copper Queen, located near the road 
at the upper end of the meadows on the main fork. The ores are principally 
chalcopyrite, containing a little gold and silver; none of the gold is free. The 
showings on the surface were good, but a 4rOO-foot tunnel run 100 feet below the 
croppings only developed schists impregnated with pyrite containing a little gold 
and copper. The best ore of the Copper Queen contained, it is said, from 5 to 20 
per cent of copper and 11 ounces of silver, with a few dollars in gold per ton. 
Many other irregular veins of quartz stained with copper and showing evidence 
of considenible pressure and deformation were noted in the vicinity. 

Up toward the adjacent district of Mineral Hill are several veins in granite 
or gneiss containing galena and arsenopyrite with from 6 to 24 ounces of silver 
per ton. The prevailing strike is northeast and southwest, while the veins gen- 
erally dip 70^ S. 
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Mineral IIUL — This district adjoins Mineml Point on the south and is chiefly 
located on the upper slopes of the hills which descend toward Salmon River. 
South of it, and almost connecting with it, is the gold-mining district of Shoup, 
in the canyon of the Salmon River. This, however, was not visited. 

The veins of Mineral Hill are chiefly located in the upper part of Owl Creek, 
on the ridge south of Blue Nose Mountain, and also in the upper part of Horse 
Creek. The veins occur in a coarse gneiss cut by many dikes of granite.' The 
only prospect worked in 1899 was the Monitor, located at the head of Owl Creek, 
at an elevation of 7,5(X) feet. A road was being built about this place from 
the headwaters of Bitterroot River. The Monitor is a 5-foot quartz vein with 
an east-west strike and containing scattered bunches of galena. A shaft was sunk 
on it to a depth of 50 feet and a considerable amount of ore has been shipped. 
It contained lead, with up to 100 ounces of silver, and a little gold. 

Near the head of Horse Creek, at an elevation of 6,900 feet, are several veins 
striking east and west and dipping 40^ N. The quartz contains a little galena and 
pyrite and is slightly copper stained. Several tunnels have been run on these 
veins which, however, at the time of visit, appeared to be abandoned. 

GIBBONSVILLE DISTRICT. 

The Gibbonsville mining district is located in Idaho, on a tributary of Salmon 
River, and only about 10 miles distant in a straight line east of the Mineral 
Hill district just described. Gold-bearing quartz veins are found near Gibbons- 
ville, and have been worked for many years with varying success. Some years 
ago the American Development and Mining Company, who owned the principal 
mines in the district, introduced barrel chlorination to treat the ores. This 
was not found to be in all respects satisfactory, and lately a cyanide process 
has taken its place. The district was visited b}^ Mr. W. H. Weed in 1898, who 
kindly put the following notes at my disposal: The rocks at Gibbonsville are 
steely gray, quartzose, and micaceous slates, thinly laminated. The slates strike 
north and south, and dip from 35^ to 65^^ to the east or to the west. The quartz 
veins run nearl}^ east and west, sometimes southeast and northwest, while the dip 
is northerly. The main tunnel by the American Development and Mining Com- 
pany cuts at least six veins, with sharp, smooth walls, varying in thickness from 
a few inches up to 15 inches. The quartz carries abundant pyrite, and contains 
from $30 to $50 in gold, together with about $1 in silver. The oxidized part of 
the veins is free-milling, while below that zone very little native gold appears. 
Occasionally the quartz veins are banded or ribboned by parallel fracture planes. 
While the veins are very persistent, they are not uniformly ore-bearing, and no 
absolute regularitj^ of the distribution of the ore has been observed. 
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ELK CITY DISTRICT. 
PLACER MINES. 

Important placer mines have been worked for many years on the upper 
tributaries of the South Fork of the Clearwater, this whole producing region being 
referred to as the ''Elk City district." Placers occur on Red River and its 
numerous tributaries, on Red Horse Creek, American Creek, and Elk Creek; finally, 
on Crooked River, Moose Creek, and Newsome Creek. Below this point the gravel 
bars of the South Fork have been mined for many miles — at least, in places — 
as far down as Stuart, at its junction with the main fork of the Clearwater. 
The Elk City diggings were discovered in 1861. During the following years 
the activity was great, and the production doubtless amoimted to several million 
dollars. The gravels in the bottoms of the streams were generally too low to be 
easily reached, and most of the operations were confined to the high bars and 
gravel terraces. In many places in the vicinity of Elk City the so-called "skim" 
diggings yielded largely, this class of deposits embracing the shallow concentra- 
tions of placer gold over large areas within a foot or two of the surface. For 
many years after the first few seasons of heavy production the camp was turned 
over to the Chinese. Renewed interests in the placers were, however, taken by 
white men during the last ten years, and in 1899 several deposits were actively 
worked on a fairly large scale. 

The production of this district has been referred to on page 84. Suffice it 
to say that since 1875 it has yielded something like $30,000 to $70,000 per annum. 
As there is a fairly large amount of workable deposits remaining, a moderate 
output will probably be continued for many years; very likely, however, with a 
decreasing tendency. A map on a larger scale is shown in fig. 7. 

Red River, — Coming down into Red River from the Nez Perce trail much 
quartz-gravel is seen in the main stream and its tributaries. In many of the latter 
are abundant evidences of old and extensive placer mining. At French Creek, 
a tributary entering Red River from the north a short distance below the post- 
office of Raymond, and at an elevation of about 4,500 feet, a dredger was work- 
ing the old tailings and the gravels underneath them. This dredger is owned by 
the same company which was operating the hydraulic mine at American Hill. 

Along Red River, bottom lands and meadows extend from Ryan's ranch for 
6 miles down. Below this point the river flows in a narrow canyon, opening up 
again near the mouth of American River and Elk Creek. Man}' placer mines 
are located along the gulch gravels of Red Horse Creek, which heads near Ander- 
son Butte and empties at the lower end of the Red River meadows. Within 
this upper basin just described there are few evidences of terraces or high 
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gravels, but a different condition of aifairs appears a^ soon as the basin of Elk 
Creek and the American Kiver is entered. 




Fi... 7 — Map of upiuT Siiuth Furk of Cloarwator River. Mhowlnjc l<K*nti<>ii of minin»? tlistrlcts. 

Tho Im^in of Elk C'lvok iiiul Ainericun Riv(»r is ocrupiod by a system of 
jjjnivrl b(»nrln's till'mj^^ tlio basin to ftn elevation of somewhat over 4,500 feet. 



PLACERS OF ELK CITY DISTRICT. 98 

From any prominent point the level of this gravel terrace is seen to skirt the 
valle}^ for a long distance westward, and the higher mountains of Newsome Creek 
rise with more decided slope from this general level of deposition. For 2 or 3 
miles above its mouth Elk Creek, emptying into the South Fork of the Clear- 
water from the north, contains broad bottom lands and meadows. A first 
bench is marked fairly clearly 50 feet above the creek and is covered with well- 
washed quartz gravel. This bench is well exposed at the little settlement of 
Elk City. On Little Elk Creek, about 3 miles above its mouth, the bottom 
lands narrow, and gmvel ridges 100 feet high rise on both sides of the stream. 
At about 325 feet above Elk City, or an elevation of 4,525 feet, the above- 
mentioned prominent level of deposition is reacihed. This terrace of well-washed 
gravel is seen to skirt the ridges separating Elk Creek from Newsome Creek 
and continues across the divide between Elk Creek and the headwaters of 
American River. Remains of this same gravel terrace are also found in the 
Crooked River basin, although here a more active erosion has removed a larger 
part of these old deposits. 

American Hill. — The most prominent gravel mine worked in 1899 is located 
at American Hill 1 mile southeast of Elk City, at an elevation of 4,200 feet, the 
elevation at Elk City in the upper part of the town being 4,200 feet approxi- 
mately. The deposit at American Hill is owned by the Idaho Mining Compan}-. 
About thirty 3'ears ago a little work wa.s done here, chiefly in the nature of 
^'skini" diggings and some drifting. The present compan^^ eight 3'ears ago 
removed the gmvel down to the bed rock and exposed an old channel of the 
American River running from northeast to southwest. One thousand miner's 
inches of water is used, and an elevator raises the gravel to a series of sluices 
aggregating 500 feet in length and having a grade of 5 inches in 12 feet. Aneroid 
measurements gave the approximate elevation of the bed rock as 4,165 feet, or 
about equal to the lower portion of Elk City, and not much higher than the l)ed 
of American River a short distance south of the mine. The bed rock consists of 
a soft, coarse gneiss intruded b}- abundant pegmatitic veins. The gold is fairly 
coarse, much of it being of the size of wheat grains. The slope of the bed 
rock is vsaid to be from 3 to 4^ W.; the banks exposed in the pit, which has an 
area of about 700 by 2(M) feet, are from 60 to lOo feet high; the material exposed 
is prevailingly of a sandy chamcter. 

The top stratum consists of 10 feet of gravel and clay. This stratum was rich 
and worked in the early days as "skinr" diggings. Below this follow 50 feet of 
sand, clay, and gravel interstratiHed. The lower portion of the deposit consists of 
20 feet of red gravel, undernc^ath which is found 15 to 20 feet of bluish gravel 
which contains the principal (juantity of gold. The gravel is mostly quartzose, 
and the large bowlders on the bed rock often contain native coarse gold. On 
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the south side of the pit the workingH have exposed a decided bluff of bed rock 
30 feet above the general level of the bottom of the channel. Not unlikely this 
represents a fault since the deposition of the gravel. 

Tiernan Diggings. — A few miles above American Hill on the river of the same 
name are located some high gravels of considerable interest. The place is close 
to the road from Elk Cit}' to Raymond. The gravels are considerably higher 
than those at American Hill and they probably do not belong to the same system 
of channels. Going east from Elk Cit}" a high ridge of' gneiss is crossed. 
Descending again to American River a distinct bench covered with wash gravel 
is noted at an elevation of 4,300 feet. At the bridge the elevation is about 150 
feet less and the exposures consist chiefly of gneiss. 

Tiernan Hill is situated on the east side of the river, a short distance from 
the bridge. The bed rock has an elevation of 4,450 feet and the top of the bank 
4,580 feet. On the uneven bed rock lie thus 130 feet of sediments, chiefly con- 
sisting of sand and clay with some interstratified gravels. In former years a 
considerable amount of hydraulic work was done at this locality and the amount 
of Remaining gravel is probably not large. In elevation, Tiernan Hill corre- 
sponds to the high terrace skirting the Elk Creek basin, but is, if anything, 
somewhat higher than this. It has the appearance as if this deposit formed a 
part of a larger channel, the central bed of which has been removed by erosion. 
A little work is still done each year. 

Buffalo Hill. — ^The gravel mine of this name is situated on the north side 
of American River about a mile and a half southwest of Elk City, and near the 
point where Elk Creek empties into that stream. Something like 180 acres of 
gravel are contained in this isolated area. The larger part of this has already 
been mined by hydraulic operations, though a considerable quantity of poorer 
gravel still remains. Active work was in progress during 1899. The available 
fall is slight, hence there is some difficulty in disposing of the tailings. The 
flume is 2,000 feet long and has a grade of 3 inches in 12 feet, wooden riflSe 
blocks being used. The size of the flume is 4 by 4 feet. The principal opera- 
tions have been carried on on the north side of the hill, where several acres of 
bed rock are exposed. In front of this lies a considerable mass of tailings. 

The bed rock is throughout a soft, coarse gneiss of the kind so prevalent 
about Elk City. The configuration of the bed rock shows plainly that the 
deposit is a part of an old channel of the American River. A high rim lies 
immediately north of that stream and is 150 feet above it. North from this rim 
the bed rock descends until at the principal pit the elevation is about equal to 
that of the bed of the American River. According to aneroid measurements, 
the elevation is 4,150 feet, or about 50 feet lower than the average elevation of 
Elk City. 
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The exposed banks show 40 feet of prevailing sand with some gravel. A 
somewhat coarse gravel rests immediately on the bed rock and consists chiefly of 
cobbles of quartz with some gneiss and also a large amount of black quartzite; 
the latter is probably derived from an area exposed on Relief Creek a few miles 
southward. 

The gold is both of a fine and coarse variety, hence the necessity for long 
sluices. It is as usual principall}' scattered on the bed rock. 

North of Buffalo Hill, on Buffalo and Blackfoot gulches, the ordinar^^ bed 
rock is exposed, although still higher up gravel of the upper terraces is 
encountered. A very interesting feature is the exposure in the hydraulic pit of 
the mine of a few acres of so-called "false" bed rock. This consists of a series 
of heavy-bedded clays containing much coaly material, and is evidentl}^ a part of 
a sedimentary series resembling lake beds which prior to the accumulation of 
the gravels covered a part of this country. On the northwest the clays border 
against gneiss, the separating plane being a well-defined perpendicular fault line, 
the downthrow being on the southeast side. 

A mile to the southeast of Buffalo Hill is Gold Hill, situated on the point 
between Red River and American River. The elevation of the bed rock on the 
south side of the road is here 4,300 feet; these gravels are thus 150 feet higher 
than those of Buffalo Hill. The thickness of the gravel at this point does not 
seem to be considerable. Washing on a small scale is carried on at this point 
each 3^ear. 

South of Red River the road from Elk City to Crooked River ascends 
Wheeler Creek, along which shallow diggings are found at intervals at elevations 
from 4,200 to 4,250 feet. The flat bottom of this stream has been ground-sluiced 
all the way up to the divide toward Crooked River, which has an elevation of 
4,900 feet. Much of the gravel is of a subangular character. A few well-washed 
quartz pebbles were noted almost up to the divide. 

Crooked River. — The road from Elk City to the head of Crooked River 
descends to the latter b^^ way of Relief Creek. In the flat bottom of this, evidence 
of old placer diggings are found. Quartzite cobbles are very abundant, but no 
great amount of bench gravels were seen. Crooked River and the gulches 
emptying into it have been worked for several miles above this point. The 
gravel chiefly consists of the present accumulations in the creek, together wkh 
smaller amounts of low bench gravels. The mouth of Crooked River was not 
visited, but it is reported that the Tacoma and Clearwater Mining Compan}^ 
was operating a hydraulic mine near this place. 

Little Elk (7/*<?^A*.— Three miles north of Elk City the Little Elk Mining 
Company was preparing to wash the shallow gravels spread out over the bottom 
of this creek. A short distance north of this point the actual gneiss bed rock 
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appears in the creek bottom, but the material on which the gravel rests at this 
mine is what is usually termed ''false" bed rock. This consists here of clays and 
micaceous sands with a considerable amount of coaly material. It is exposed at 
two places below the pay gmvel and has a dip of 60^ E. These l)eds have very 
much the appearance of being deix)sited in a broad river or lake and present 
great similarity to the beds of the same kind observed at Buffalo Hill. 

Nmosome Creek hasin. — About 6 miles due west of Elk City the Moose 
Creek diggings are located on the ridge dividing the creek of the same name 
from Newsome. The place was not visited, but from accounts the deposit appears 
to be of the same kind as that exposed at Buffalo Hill. The banks, are said to 
be 160 feet in height, the gold, both coarse and fine, varying from $16 to $19.20 
per ounce. This mine was operated in 1899. 

From Buffalo Hill the road to Harpster, on the (Mearwater River, ascends 
over a long ridge of wash gmvel. The top of the terrace, which is the same as 
observed on the headwaters of American River, has an elevation of about 4,450 
feet. Scattered wash occurs above this point up to an elevation of 4,750 feet. 
Above this point the gneiss rises in low ridges. The same gmvel terrace con- 
tinues into the drainage of Newsome Creek. This stream has been washed all 
along its course, as "have also the benches which accompan\^ it at an elevation of 
30 feet above the water. The bottom is generally flat and filled with tailings to 
a width of 100 or 20(> feet. An important gravel terrace appears 800 feet above 
the creek and is well exposed both on the east and west side of Newsome post- 
oflice. The elevation of the f)ench is 4,4(X) feet. These high bench gravels have 
not been generally washed, though placer operations are frequently carried on 
in the small gulches which traverse the terrace and in which a secondary concen- 
tratioa has taken place. 

Along the South Fork of the Clearwater the low bars have l)een mined for 
many miles downstream; at least as far down as Stuart. High gravels corre- 
sponding to those of Aniericiin River and Newsome Creek were not observed. 
There are, however, occasional small gravel benches 2(X) feet above the river. In 
many cases these have also been washed. The present production from this kind of 
mining is doubtless verv small. 

QUARTZ VEINS. 

For many miles west of the mining districts at the head of the Bitterroot 
River there are no indications at all of mineral deix)sits until the drainage of the 
Red River is entered, this being a tributary to the South Fork of the Clear- 
water River. Near the head of Red River, on tlie Nez Perce trail, between Ten 
Dollar and Mountain Meadows, the first indications of (juartz veins are found, 
and a few prospect holes have been opened on the ridges, which are covered by a 
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deep soil, the prevailing rock appearing to ho gnmite. Descending into the Red 
River, prospects are again found on the ridge north of Ryans Meadows. From 
here on to Elk City, a distance of 10 miles, all creeks show evidence of placer- 
mining opemtions, and occasional quartz prospects are noted. 

While the gravels near Elk City frecjuently contain (juartz bowlders with native 
gold, indicating the abundant presence^ of auriferous veins, very few of these 
veins have been actually found and worked; prospects an* known from several 
places, among others on Red Horse Creek, but the d(»velopments are in all cases 
slight. The only ((uartz vein ])rospected during 1S91» in this vicinity appears to 
be the Buster mine, which is located three-fourths of a mile north of Elk City, 
on the east side of Elk Creek. The strike is easterly and westerly, and the dip 
appears to be ♦)5 S. The deposit is a typical quartz vein of moderate width, con- 
taining pyrite, zinc })lende, galena and tetrahedrite. The quartz is coarse and 
shows normal vein structure. Many long, slender crystals are embedded in a 
mass of smaller individuals. The surrounding rock is gneiss, and the vein cuts 
across the schistosity. An assay of selected ore, without visible gold, gave 8 
ounces of gold and 6^ ounces of silver per ton. No ore was being extracted 
during the time of the visit, and the d(»velopments are not extensive. Since* 1S9*» 
many new locations and generally increased activity in ipiartz mining are reported. 

The Newsome Creek basin contains important placer diggings, and many pros- 
pects have been found in the surrounding hills. None of them, however, have 
been extensively worked. A couple of miles north of Xewsome post-otHce a 
small vein of normal comb (juartz was found in gneiss, having a strike of N. 80^ E., 
the dip being 20' to the N. This prospect is called the ''Lookout'' mine. A 
little higher up, in a gulch leading up from the east side of Newsome Creek, is 
the Iron Crown vein. The elevation is here approximately 4,700 feet. A mill 
has been erectinl, and is shown in PI. XV, H, Both mine and mill were being 
openited on a moderate scale at the time of visit, and a considenible amomit of 
ore was produced every month. The developments were not very extensive, the 
deposit having the peculiar form of a l)lanket vein of rusty, decomposed (juartz 
from 2 to 6 feet wide and situated at a depth of only a f(»w feet from the 
surface. The gold is free, which might be expected from the oxidized character 
of the ore. The inclosing rock is the gneiss typical of this section. This mine 
was the only producing cpiartz mine in the Elk City and Newsome Creek districts 
during 1S91». 

Throughout the dminage of Crooked River, which enters the South Fork 

a short distance above Newsome Creek, abundant placer diggings occur, })ut 

sti-angely enough very few quartz veins of value have thus far been encountered. 

Near the head of Crooked River several veins have, however, been located. 

5tH)5— No. 27— (M 7 
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The principal producing mine in nituated near the head of the river and 
practically on the divide separating this drainage from the Salmon River. 
It is called the Badger mine and a few years ago was the scene of active 
mining operations. A lO-stamp mill was built on the Crooked River about 5 
miles northeast of Buffalo Hump and a road constructed from there to the mine. 
The vein is said to occur in granite and is a normal quartz vein containing 
a considerable amount of free gold. 

Another vein, called the'^Homestake/'is situated on the road to the Badger 
mine, 1,300 feet above the mill and at an elevation of about 6,40<) feet. The 
Homestake crops in granite and has a strike of N. 80^ W. , the dip being 
70^ N. The vein appears to be onl}' from 2 to 3 feet wide and is developed 
by two tunnels 100 feet apart. The ore is a white normal quartz containing 
pyrite and a little galena. 

During 1902 the Crooked River Mining and Milling Company is reported to 
have completed a 2()-stamp mill at Oro Grande, on the Crooked River, 12 miles 
in a southerly direction from Elk City and three-fourths of a mile below the old 
Badger town and the forks of Crooked River. The deposit which has been 
developed during 1902 is said to be a very wide mineralized belt of low-gi'ade 
free-milling ore, striking north and south. The mining and milling expenses 
are claimed to be less than 50 cents per ton. The same company owns the 
Orion and the Regnier quartz veins in the same district. New discoveries of 
veins are also repoited 3 miles below Oro (irrande and north of De^dwood 
Mountain and Relief Creek. 

In 1901 the following companies have reported production of gold and silver 
from the Elk CMty district: Gold Hill Placer Company, Little Elk Mining Company, 
Tiernan placers, Relief Creek placers, American Hill placers. 

DIXIE DISTRICT. 

A mining camp which is of small extent, but which has maintained a certain 
production for many years, is located at Dixie, on the headwaters of Crooked 
Creek, which drains into Salmon River almost due south of the point where the 
larger stream of the same name enters the Clearwater River. The locality was not 
visited. A wagon road extends to it from Elk City, following up Red River to 
near Ryans Meadow, and continuing thence southward. The placers of Dixie 
C4imp consist partly of the gravels in the creek beds and to some extent of higher 
benches. Cinnabar is said to have been found in the gravels, with the gold. 
Numerous smaller gold- quartz veins are reported to exist near the camp, and have 
been worked at intervals on a small scale. During 1899 considerable prospecting 
was in progress in the country between Dixie and the Badger mine, about 8 
miles farther west, and promising veins are reported to have been uncovered. 
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The divide between the Salmon and the South Fork of the Clearwater, in the 
vicinity of Dixie, is a broad, flat ridge i-arely rising to elevations of 7,000 feet. 
About 10 miles west of this vicinity it risers to a prominent bare peak, attaining a 
height of S,8<K} feet alwve the *^ea, whioh is commonly referred to *9 Buflulb 







Fio. 8.— Sketch map of the Buffalo Hump mining region. 

Hump. Quartz veins of some importance were discovered at this vicinity in 1898. 
The Kobbins mining district was organized to cover these locations, and in 1898 
and 1899 active prospec»ting was progressing about that camp. The principal veins 
are situated on the south side of the peak on a broad plateau sloping gently 
westward and having an elevation of al)out 8,000 feet. In 1899 the place was only 



100 BITTERROOT AND CLEARWATER MOUNTAINS, MONT. -IDAHO. 

accessible b}- means of trails, one leading up from Crooked River and another one, 
more frequently used, from Grangeville. The latter route followed the Florence 
road about 20 miles southward to Adams camp, from which place a trail continued 
to Buffalo Hump, leading over high and bare ridges. It is reported that shortl}^ 
after that date a wagon road was constructed, following the last-named trail. 
The general drainage and the location of principal claims is illustrat<?d on tig. 8, 
reduced from a map by Mr. W. H. Hill. 

From the Badger mill located on Crooked River, the trail ascends west- 
ward over sloping ridges to a broad divide covered with thick forest. From 
this point it descends into Lake Creek, a long tributar}' to the Salmon River, 
heading on the east side of Butfalo Hump. When Lake Creek is reached the 
tniil turns up the same, following it over heav}" moraines, ascending about 3,000 
feet. The divide at the head of Lake Creek has an elevation of nearly 8,(X)0 feet. 
West of it, and at the foot of Buffalo Hump, extends a flat, marsh}' in places, and 
containing several small lakes or ponds. 

The predominating rock at Buffalo Hump is the ordinary Clearwater granite 
of light-gray color, and containing both biotite and muscovite. It is on the 
whole very similar to the large areas of the same rock which extend to the 
south of Salmon River in the vicinity of Warren camp. Near Buflfalo Hump 
this granite contains a number of irregular patches and smaller areas of micaceous 
schist, quartzites, and coarse granular marbles, the latter very largely converted 
into greenish and brownish hornfels and garnetiferous rocks. The strike and 
dip of this sedimentary series are extremelv variable, but are usually at moderate 
angles of 30"^ to 40^ to the east or north. It is evident that this sedimentary 
series has been intruded b}' the granite and suffered intense contact metamorphism. 
The schists are penetrated by granitic dikes, running in all directions. Regarding 
the age of the sc^hists, nothing more definite can be said than that they are 
older than the intruding granite. No other sedimentary areas are known in 
the vicinity with which they can be even tentatively connected. The granite 
often shows two well-marked S3'stems of joint planes, one having a northeasterly 
and the other a northwesterly direction. Mr. Charles L. Whittle," who has 
published a short but interesting article on the district, states that "along the 
northeasterly set of joints, and to a less extent along the northwest set, there 
have been introduced small quartz veins in great abundance. These veins are 
the oldest in the camp and vary in width from mere tilms up to several feet, 
the great majority being about I inch across. These small veins seldom appear 
mineralized and usually lack permanence, either horizontally or vertically." The 
producing veins form a linked system diverging slightly northward and having 

a Eng. and Min. Jour., vol. r>H. 1899, pp. 215, 216. 
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a strike of a few degrees east of north, the dip 'beift^/generally very steep 
toward the east. The first vein discovered was called tlie 'tllig •Buffalo.'' This 
claim is situated on the high plateau already referred to. A \i) b}^ 12^ foot 
shaft was sunk to a depth of 72 feet in 1899 and the drifts and Xiret^^cnits 
amounted to 100 feet. The dump covered a large part of the outcrop, -"in. 
which the vein was stated to have a width of 40 feet. In a cut just north 
of the shaft about 12 feet of vein quartz were exposed. The ore is a normal, 
milk^^-white quartz containing scattered masses of pyrite, galena, copper pyrite 
and tetrahedrite. An assay of some of the material from the dump gave the 
high result of nearly 8 ounces of gold and 7 ounces of silver per ton. It is 
stated that the Big Buffalo vein can be traced southward through three claims 
and is then lost along the line of the east and west vallev' of Sheep Creek, 
which drains the high plateau in a westerly direction and tinalh^ turns southward 
toward the canyon of the Salmon River. 

A few claims south of the Big Buffalo is the Fortune vein. This wa.s 
found to have a strike of N. 10 E. and a steep easterly dip. Two feet of 
quartz showed between well-defined walls and contained scattered crystals of 
pyrite. 

A short distance east of the Big Buffalo another prominent vein appears 
and is continuous for a distance of 1 mile. Near the north end of this is the 
Monte Cristo claim, which in 1S99 was developed by seveml small tunnels. The 
vein appears between granite walls. This is continued southward by the St, 
Louis and other claims, showing again a well-defined quartz vein from 3 to ♦> 
feet wide. The normal vein quartz contains small grains of pyrite, chalcopyrite, 
galena, and zinc blende. An assay of a sample taken from a prospect hole 10 
feet deep on the St. Louis gave 8.4 ounces of gold and 9.2 ounces of silver 
per ton. Still farther south on what appears to be the same vein is located 
the Jumbo. On this claim the deposit has been opened by two tuimels, the 
lower one 300 feet in length. The vein appears of fair size and of a fairly 
uniform thickness for several feet. Here again the quartz contains a little iron 
pyrite, tetrahedrite, and chalcopyrite. 

On the eastern side of the camp, at the head of Lake Creek, a great number 
of prospects were located, the most important of which were called the Vesuvius, 
Crackerjack, and AVinslow. On all of these active work was -in progress and fair 
ore was exposed. Owing to the glaciated character of the country, there is but 
little decomposed vein matter with free gold. Ordinarily shallow prospect holes 
will reach fresh sulphides. It is stated that the quartz is free milling, although 
it seems probable that the larger part of the values are contained in the 
sulphurets. 
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A number of pkicdiV^Uinis liave been located in the vicinity, but owing to 
the extensive. grsMua'tioii It is probable that most of these will be disappointing in 
yield. \ \ \ • * 

. . :[j^TBCording to late information from Mr. V. C. Heikes, of the division of 
•. mmihg and mineral resources of the United States Geological Survey, the follow- 
ing properties were producing at Buffalo Hump in 11)02: The Jumbo has been 
working 4 stamps during the year, and unverified reports placed the yield at 
$5,000 per month. On the Crackerjack a 5-stamp mill was running in September, 
and during that month treated about 400 tons of ore. In addition to concentrates 
and tailings the clean up from the plates for the month is given as $4,000. 

On the Wise Boy a mill had been erected and was preparing to start on 
October 1. This claim is believed to contain ore of excellent quality. 

The Buffalo Hump syndicate has been working 25 men, and the 10-stamp mill 
on the Big Buffalo ha^s been operated steadily for the last ten months. Bullion 
has been shipped regularly. 

In the article quoted above, Mr. Whittle expresses himself as follows: 

''I have been greatly disappointed to note the scarcity- of free gold in the 
oxidized portions of the veins, and the sudden and universal thinning out of the 
prominent veins, their unequal pockety mineralization, and the strong tendency of 
the veins to pass from well-defined walls into a ramifying mass of small stringers 
within a short distance has tilled me with apprehensions as to the future of the camp/' 

Judgment of the real character of the veins would, however, best be deferred 
until the ore bodies shall have been thoroughly exploited. The result of the last 
two years' work shows that to some extent Mr. Whittle's predictions had a 
foundation. At the same time it is evident that some shoots of value have been 
encountered and that the camp will continue, for a long time, as a producer, 
though not on as large a scale as was predicted during the first boom. 

PIERCE DISTRICT, 
PIJVCERS. 

The Pierce district was discovered in 1860, and for the first few years after that 
date a large production was maintained. Soon, however, most of the mining 
population was attracted to richer camps elsewhere and the production declined 
greatly. For the last ten years it has probably rarely exceeded $20,000 or ^0,000 
per annum. As in so many other cases, the total production is impossible to 
obtain. Probably the production was considerably less than at Elk City, which, 
in turn, was eclipsed by Florence, Warren, and the Idaho Basin. A guess may be 
hazarded that the total output of Pierce is in the vicinity of $5,000,000. A certain 
amount of placer mining is still done everv year, and at intervals some of the 
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numerous quartz veins are also operated. Pierce is situated near the head of Oro 
Fino Creek, which empties into the main Clearwater River 25 miles farther west. 
The elevation of the camp is in the vicinity of 3,000 feet. From the monotonous 
lava plateau extending about Weippe a wagon road loads to Pierce, a distance of 
about 12 miles. After a few miles of continued Columbia River lava, low hills of 
granite or imperfectly gneissoid rock rise, and over the same rocks the road finally 
descends to Oro Fino Creek. Pierce appears to be located at the contact of an 
extensive area of gneiss and mica-schist, which continues toward the northwest 
a<*ross the Mascot Hills to the North Fork of the Clearwater. South of the contact 
granitic and dioritic rocks prevail. Near the contact the schists are penetrated by 
granitic dikes. Below Pierce, Oro Fino Creek runs in a narrow canyon, which 
widens and splits up into two })i'anches close to the settlement. The gravels worked 
are partly the low tenches along the creek, partly also high terraces extending to 
a height of 500 feet above the stream. Canal Gulch extends northward from 
Pierce for several miles, heading at the divide toward the North Fork of the 
Clearwater. It has been extensively worked, and at least in one place a half-mile 
north of town a high gravel bench is still mined. At this place there appear to be 
two levels of terraces, one 100 feet above the creek, while the bed rock of the other 
one is 200 feet above the same level. 

The bed rock is a coarse diorite. The banks are 50 feet high and the gravel 
contains a great abundance of quartz pebbles. 

Above Pierce, Oro Fino Creek has been worked for several miles. On the 
road to Rhodes Gulch well-washed gravel extends to a height of 500 feet above 
the town. Rhodes Gulch, coming down from the north and joining the main Oro 
Fino Creek a few miles above the town, is also reported to have been very rich, 
which is also confirmed b}- the extensive dumps of washed gmvel covering its 
bottom. East of this point is French Creek Mountain, and a road leads across to 
the quartz prospects which have l>een found there. 

Altogether Oro Fino Creek has been washed for gold for a distance of 12 miles 
above and 10 miles below Pierce. The gold is usually fine as to size, but of low 
grade as to value, being, at most, worth $17 per ounce, some of it running as 
low as $15. 

A few miles below Oro Fino, not far from the trif)utary called Poorman 
Creek, the American placer mine was in operation in 1899, washing the gravels 
of the creek bottom. The creek at this point Hows over a basaltic bed roi'k. 

gUAHTZ VEINS. 

As may be expected a number of quartz veins have been found and located 
near Pierce. None of them has, however, thus far reached the standing of large 
mines. As so often happens in districts of this kind they are worked inter- 
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mittently and on a small scale. Ten miles northeast of Pierce on French Creek, 
tributar}' to the North Fork of the Clearwater, are two quartz veins half a mile 
apart, and called the Golden West and Klondike. Among the important veins 
north of Pierce is mentioned the Sweet mine, which from 1894 to 1890 is reported 
to have produced $40,000. The Mascot vein is situated 15 miles northwest of 
Pierce, and was operated during 1899. The ecjuipment consists of two steam stamps. 
The veins in the vicinity of Pierce are reported to have a southwesterly dip of 
about 45-. Below the shallow zone of oxidation the ore is apt to turn base, as 
indeed is suggested b}^ the low grade of the placer gold. 

Prof. I. C. Russell/' w^ho visited the Mascot Hills to the west of Pierce, 
says that the rocks there "'contain numerous small gash veins, but do not reveal 
the presence of any true lodes or Hssure veins.*' 

In 1901 the following properties reported production of gold and silver: 

Vi-Vi plarei^. May Creek placers. 

Lat<t Show j>laoers. Wild Rose quartz. 

Woo<lchiick plarers. Boine (jiiartz. 

Monahassett placers. Fisher quartz. 

Boggs ( Julch i)la('ersi. Venus quartz. 
Mis.«ouri Rost» i)laterH. 

For 1902 the following report is availa})le: 

The Wild Rose^ owned by Dunn and Wilkinson, Pierce, Idaho, has been opera- 
ting a 8-stamp mill in 1901 and 1902, and made a good clean up. Developments 
amount to 460 feet. The Santiago group, ow^ned by Wilsey & Co., of Pierce, 
has operated a 2-st4mip mill the entire season. The Mascot Mining and Milling 
Company, of Pierce, has operated its lO-stani}) mill part of the season. The 
Ozark Company, owned by Gaffney and Pond, of Pierce, also has a mill which 
has been producing during the season. The Dewey is operated by Ellis & Co., 
who are making arrangements for the erection of a 5-stamp mill. The French 
Creek Mining and Development Company were erecting a new mill and expected 
to run it during the winter of 1902-3. 

The placer property owned by the American Placer Mining Company, on 
Oro Fino Creek, was in operation the tirst part of the year, but closed down in 
July on account of low water. This company is installing an elevator plant with 
7 miles of ditch and Hume, and own about 10 miles of placer ground below 
Pierce. Two placer-mining companies are preparing to work French Creek by 
means of bed-rock flumes. An elevator was being operated during the summer 
of 1902 on Gold Creek, 20 miles northwest of Pierce. 

From these reports it will be seen that a great number of quartz pro.spects 
are actively developed near Pierce. The aggregate production of the Pierce 

«i Water-Sup. and Irr. Paper Su. 54, V. S. (ieol. Survey. 1901, p. 12H. 
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mining district now probably exceeds that of Elk City. The output of the camp 
in 1902 is estimated to be ^0,000 from placers and about the same amount from 
quartz veins. These data have been obtained from Dr. D. T. Day, of the division 
of mining and mineral resources of the United States Geological Survey, through 
Mr. V. C. Heikes, field assistant. 

MUSSELSHELL AND LOLO CREEKS. 

Lolo Creek heads near Rocky Ridge between the Lochsa and the North Fork, 
and after a tortuous course empties into the main Clearwater at Greers Ferry, a 
few miles above the mouth of Oro Fino Creek. In its upper course it is joined 
by Musselshell Creek, which heads in the same vicinity. The latter creek has 
been mined all the vvav, although no extraordinar}' richness is reported. Lolo 
Creek has been washed for gold in places, but ordinarily contains too man}' 
bowlders. The gold, like that of Pierce, is fine in size but of low grade, varying 
in value from $17 to $15 per ounce. A number of quartz veins are reported 
from the head of these two creeks, and the district may be considered as the 
southeasterly extension of the gold-bearing area of Pierce and the Mascot Hills. 
A prospect called the Pioneer was worked in 1899 and is situated on the low 
ridges between Musselshell and Lolo (Teeks, 10 miles east of Weippe. The vein 
strikes N. 70 E. and dips 85^ S. 

DEPOSITS BETWEEN CLEARWATER AND SNAKE RIVERS. 

In the plateau country extending between Clearwater and Snake rivers the 
Columbia River lava covers nearly the whole area, though bed rock is occasion- 
ally exposed in the deep cuts of the canyons or in points protruding through 
the lava. No placer mines of importance have been worked in this area. The 
bottom gravels and bars of Salmon River and of Snake River contain gold, 
however, and these have been worked to some extent. Along Salmon River, 
especially where the gold is less fine than along the Snake, placer operations 
have been carried on in different places during the last few years. The aggregate 
yield is, however, small. 

Near IlarpHter and Mount Idaho, — Many small quartz veins have been located 
and partly developed along the South Fork of the Clearwater near Harpster. 
None of them have, however, proved rich. The rock inclosing them consists of 
black slate, diorite, and amphibolite. Some miles above Harpster, along the same 
river and only a few miles east of Mount Idaho, a few veins have been 
discovered and were prospected in 1899. These veins form a silicified and 
mineralized streak in greenstone-schists almost at the river level and on the 
west side of the stream. The strike is northeasterly and the dip 60^ SE. The 
main tunnel shows principally an altered greenstone containing much pyrite. 
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There are occasional bunches of quartz containing pytite and chalcopyrite and 
inclosed in greenstone-schists. Good assays and free gold are reported to have 
been obtained from the Dewey, which was the main prospect worked at the time 
of visit. The developments chiefly consisted of a 60-foot tunnel. 

Since 1899 a considerable amount of work has been done on these prospects 
and a great deal of ore has been shippi^d. The prospects near the river have 
been united as the Dewe}^ Consolidated Mining and Smelting Company, and up to 
the present time the development work (tunnels, shafts, raises, and winzes) 
aggregates 8,000 feet. Nearly 200 tons of rich ore were shipped to smelters 
during 1900, yielding net $13,000, according to treasurer's report. Mr. Otto 
Abeling has made a report on the property in 1900 from which it appears 
that there are four parallel veins, striking N. 28^ E. and dipping 75^. On 
the two outside veins, the Waverly and the West veins, but little work has 
been done, while the principal developments have been effected on the Dewey 
and the St. Patrick. The width of the veins is from 23 to 40 feet. The whole 
distance between the east wall of the Dewey and the west wall of St. Patrick is 
said to be 180 feet, within which distance all assays show some value. As 
stated above, the rock is a roughly schistose greenstone and the veins are about 
pandlel to the schistosity. The ore consists of silicified and pyritic greenstone 
containing streaks and veinlets of quartz. The immediate outcrops of this rock 
were rather poor, showing little copper and but few dollars in gold. Tunnels 
driven on both veins soon struck a number of streaks of shipping ore very rich 
in gold and greater bodies of lower-grade material, both classes containing 
chalcopyrite in varying but not large amounts. Very little of the gold is free. 
On the Dewey vein more copper ores were found than on the St. Patrick. A 
small shoot of massive pyritic ore 3 feet wide yielded 3.4 per cent copper and 
$5 in gold. In another place a sample across 4 feet yielded 3.1 per cent copper, 
12.7 ounces silver, and 4.38 ounces gold, according to Mr. Abeling, who also 
estimates the ore in sight as 34,650 tons with a value of $361,200. 

Higher up on the hill, west of the Dewey, is the similar Evergreen property 
from which considerable shipments of smelting ore were reported in 1901. 

In general character these deposits differ from the ordinary type of gold 
quartz veins common in this part of the country. They show a certain 
similarity to the Bully Hill deposits of Shasta County, Cal., and in both cases 
a certain amount of secondary concentration has probably been active. 

Cofftmwood Buttfis, — The area of old rocks which protrude as low hills above 
the general surface of the Columbia River lava, a few miles north of Cottonwood 
on the Camas Prairie, contain several veins of quartz which have been prospected 
on a small scale. The veins strike north and south and are nearly vertical; the 
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width is reported to be 4 feet, and the valuable metals contained are stated to 
be silver, gold, and copper. A shaft 115 feet deep has been sunk on the Eckert 
and Smith vein. As to the actual value of the veins very little is known. 

The I<ncer Cleanmter, — Few deposits of importance have been discovered on 
the lower Clearwater River. The only exception, as far as 1 am aware, consists 
in a few veins reported to contain gold which have })eeii discovered on Bedrock 
Creek, approximately 15 miles l)elow Oro Fino and 25 miles above Lewiston. 
Quartz veins are reported to occur here in calcareous quartzite cropping l^elow 
the level of the lava plateau three-fourths of a mile above the mouth of the 
creek. 

Canyons of Stiake and Sainton rivers. — In the deep trenches of these two 
rivers south of Lewiston the bed-rock formations below the lava, when exposed, 
generally consist of highly disturbed and sedimentary rocks accompanied hy 
greenstones of various kind. Neither of the canyons were visited during the 
present examination. On Salmon River prospects are reported to occur in these 
rocks near White Bird. 

Along Snake River several veins containing copper in promising quantity 
have lately been discovered near the mouth of the Salmon Canyon, From reports 
they are often connected with greenstones of dioritic character. A vein known 
as the Mary K is reported 5 miles below the mouth of Salmon River, near the 
point where Cottonwood Creek empties into Snake River. At the junction of 
the Imnaha River, entering the Snake a few miles above the mouth of Salmon 
River, important discoveries are reported in the rocks which here underlie the 
thick flows of the Columbia River lava. In this bed-rock series, which extends 
for several miles up above the junction on both rivers, occur a series of deposits 
which, from several concuiTent reports, must be considered as fissure veins; they 
contain a rather peculiar combination of chalcopyrite and massive steel-gray 
hematite. The amount of ore is reported as considerable, although the grade is 
stated to be low. If this hematite is a primary mineral, as would appear 
probable from the specimens shown me, it is not likely that the composition of 
the ore will undergo great change in depth. The veins are reported to extend 
over from the Imnaha to the Snake, having a general strike of northeast and 
southwest. Besides copper, the ore contains a small amount of gold and silver. 

There are several gravel benches in the lower course of the Salmon above 
Freedom which have been mined. A short distance below Freedom operations on 
the low bars were contemplated at the time of my visit in 1897. At the mouth of 
John Day Creek hydraulic mining has been done on a bar liM) feet above the river, 
the bed rock being probably 50 feet above the same level. Three-fourths of a mile 
above the mouth of John Day Creek on the east side of the river is a high bar, the 
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slate bed rock being 80 feet above river level and the top of the sandy gravel 30() 
feet above the same. This bar was hydraulicked in 1S97 by the Victor Mining 
Company, of Spokane. The pay is concentrated in a thin layer of cemented gravel 
on the l)ed rock. 

A big gravel bar 200 feet high is situated higher up on the west side opposite 
Carver's ranch. The limestone bed rock is only a few feet above the river and on 
it rests cemented gravel, containing very coarse gold of local origin. This deposit 
has Ix^en mined by drifting along the bed rock. Another large bar with much sand 
lies at a bend of the river a little north of Fiddle Creek. Still another high bar 
on which some placer mining has been done is situated on the south side of the 
river a few^ miles above the great bend at Salmon Point. Above this point there 
are only smaller low bars })ut the sands of these contain fine gold everywhere. 

COEUR D'ALENE MOUNTAINS. 

What little is known about this subject, really outside of the limits of this 
reconnaissance, is given below. For notes on the geology see page 81. 

OOI.D DEPOSITS. 

The Coeur d'Alene Mountains are not rich in known gold deposits. Placer 
mines of moderate richness have been worked in the Moose Creek diggings on a 
bmnch of the North Fork of the Clcjirwater, a short distance west of the Montana- 
Idaho line. Minor deposits have jUso been worked at the head of the Middle Fork 
of St. Josephs River and on the Montana side near the head of Cedar Creek 
halfway between Mullan Pass and Missoula. 

The most important deix)sits, placers as well as quartz veins, are situated at 
Murray and Delta on the North Fork of the Coeur d'Alene River, 15 miles north of 
the lead-mining district. 

LEAD-SILVEK VEINS. 

To this class belong the celebrated deposits near Wardner, Wallace, and Mullan 
on the Coeur d'Alene River,'* which are estimated to have produced about 
$()0,000,0(X) of lead and silver since their discovery fifteen years ago. The lowest 
profitable percentage of lead in the mined ore is said to be about (J per cent. The 
ores are subjected to careful concentnition in large dressing works. 

The deposits are clearly defined fissure veins cutting tine-grained greenish 
qiiartzites and quartzitic slates of doubtful (though probably pre-Cambrian) age. 
The principal ores are galena and zincblende, but there is also much finely dis- 
tributed pyrite. Chalcopyrite is ordinarih^ absent. These are practically the only 
metallic minerals, and recur in all the deposits. The principal gangue mineral is 

a For a brief dcBcription of these mines, including l«Mrhnioal featuren. see J. K. Finlay, Trans. Am. Inst. Min. Eng.. 
Februar>' and May, 1902. 



ORES OF COEUR d'aLENE MOUNTAINS, 109 

siderite, accompanied by minor quantities of ({uartz and barite. Fluorite is absent. 
The fissures along which tlie ore bodies appear are well defined, and sometimes 
continuous for one or more miles. The ore l>()dies do not show much clearly defined 
crustification or other evidence of havincr been deposited in open space. The 
siderite appears always as an undoubted ])roduct of replacement, while man}' 
veinlets of quartz have in part resulted from tlie filling of open small fissures. 
Evidences of gradual tmnsitions from ore to country rock are abundant, and are 
especially }>rominent in the mines carrying low-grade ore, as, for instance, in the 
Helena and Frisco. In the exposures underground, as well as in the specimens and 
thin sections, the evidence of replacement is complete and positive. 

The greenish-gray fine-grained quartzite which constitutes the prevailing 
country rock contains no sulphides when fresh. It is composed of small, rounded, 
or subangular quartz gniins, closely packed— often, indeed, jointing closely, as in a 
normal quartzite. Usually, however, a little sericite. in bunches of small fibers, is 
present as cementing material between the grains. Tliere are few other minerals, 
exept a little feldsjmr in clastic grains, small prisms of tourmaline, and some grains 
of calcite. Near the veins minute specks of siderite, zincblende, pyrite, and galena 
appear in this (piartzite; and these scattered grains gradually merge into bodies of 
merchantable ore. The thin sections show how the rock near the veins is filled with 
small grains of ])ranching and irregular form, which consist of siderite, developed 
])V attack first upon the groundmass and then upon the grains of clastic quartz. 
Accompanying the siderite are small grains of zincblende, cubes of pyrite and 
irregularly wiry masses of galena. All these sulphides appear not only in or near 
the siderite, but also in the cementing sericite, and in the apparently perfectly fresh 
quartz grains. 

At a more advanced stage these areas of siderite extend until they join, and 
thus completely replace the rock. In the resulting ore lie scatt^»red many small 
quartz grains, representing remnants of the clastic constituents of the quartzite. 
Occasionally larger masses of zincblende appear to form directly in the quartzite b\' 
metasomatic replacement of the quartz. The sericite in the quartz then disappears, 
though once in a while small foils of it may be detected. During the transition 
stage, seams and narrow veinlets in the altering rock are filled with sericite, appar- 
ently segregated there, when driven out from the main mass. In other specimens 
from the Helena and Frisco mine, the replacing siderite has a strong tendency to 
idiomorphic development. Imperfect rhom])ohedml forms are often seen, sometimes 
cutting straight across the clastic grains, (,'ertain specimens from the Bunker Hill 
and Sullivan mine showquartzose grayish masses of irregular outline, and apparently 
merging gradually into the normal greenish <|uartzite. These quartzose masses 
consist of very irregular interlocking grains of quartz, not in the h»ast similar to the 
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quartz usually deposited by processes of tilling, but having every appearance of 
resulting from the silicitication of the quartzite. This silicified portion contains 
irregular grains of p^^rite, galena, and brown zincblende, with a very little siderite. 

The process, as outlined, is remarkable, as involving a metasomatic replace- 
ment of quartz by siderite, pyrite, galena, and zincblende, and is the only clearly 
defined occurrence of this kind of which I am aware. 

Coming from the west the first deposits are found near the t-own of Wardner. 
The Bunker Hill lode is here the principal source of production of the Wardner 
district, estimated by Mr. J. R. Finlay to be $17,5(H),0O0. This remarkable vein 
system is continuous for 2 or 3 miles; its principal feature is a well-defined fault 
plane contained in quartzite and striking N. 42'^ W., the dip being 38^ SW. The 
ore forms irregular masses above this fault plane or "foot wall. ' The mines are 
worked by tunnels, a deepest level being recentl}' reached by a long 8 by 9 foot 
tunnel from near the Coeur d^Alene River, striking the veins 700 feet below the 
previously lowest tunnel level on the Bunker Hill and Sullivan mines. The crop- 
pings along the foot wall is indicated })y a heavy iron cap stoped 50 feet wide at the 
surface. The ore is mainly galena, with a little pyrite and blende; the concentrates 
carry about 25 ounces of silver. There is pi'acticall}' no arsenic, antimony, or 
gold. Some galena appeared in the croppings, but also much cerussite in beautiful 
bunches and this secondary mineral continues in places as far as 200 feet below the 
surface. 

Although the foot wall is so clearly defined by a fault plane, accompanied 
by a few inches of clayey gouge, the hanging wall of the ore bodies is extremely 
ill defined and in many places the mineralization simply fades out gradually. 
Some of the ore shoots lie on the foot wall, but others reach out as much as 
200 feet horizontally from this plane. Some of the masses of galena, instead of 
strictly following the course of the foot wall, may locally follow a stratification 
plane and then jump back in offsets so as to preserve the general parallelism 
with the wall. The thickness of the ore bodies is as great as 90 feet; within 
the pay shoots the galena occurs irregularly; there are some massive bodies as 
much as 10 feet thick, which may change their outlines rapidly and irregularly 
and which are sometimes separated by horizontal joint planes from the barren 
quartzite. Most commonly, in the poorer ores, the galena occurs as small and 
very irregular seams associated with some quartz and siderite. The greatest 
ore body in the Bunker Hill and Sullivan vein had a maximum thickness of 90 
feet, was several hundred feet long, and extended across a vertical distance of 
170 f e^.t. Its ore averaged 25 per cent lead. The ore stopped against a local 
hanging wall which lower down joined the principal foot wall. 

Near Gem and Burke, 10 miles farther up the river and near a granite boss 
which here is intruded into the steeply dipping quartzites and clay slates, is 
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another important vein system, generally called the ^'Canyon Creek lodes." The 
production of this system, which include such important mines as the Helena- 
Frisco, Tiger-Poorman, Mammoth Standard, Morning, You Like, and others, is 
estimated as $42,500,000 (J. R. Finlay). One system of vein strikes from Nine- 
mile Creek across to Gem in an east-southeast direction, and thence across toward 
Mullan. Two parallel systems are found 2 and 4 miles north of Gem. The veins 
of the "Canyon Creek lodes'' are simpler in structure than the Wardner deposits, 
but like those are typical replacement veins along shear zones of greater or 
smaller width. 

The Helena-Frisco, a representative mine, produces about 600 tons of ore 
per day, which is concentrated in proportions of 9 to 1, yielding 50 to 70 tons of 
concentrates. The mine is opened by a shaft 1,800 feet deep. The country rock 
is a line-grained greenish-gray quaitzite. The vein which cuts the quartzite in 
strike and dip has a course of N. 80^ W., and a variable southwest dip averaging 
70'^, and gradually straightening on lower levels. The ore averages 10 to 12 feet 
in width, and is taken out uniformly. The foot wall is very poorly defined; the 
hanging wall is also often indistinct, though usually roughly indicated. Some- 
times every indication of geometrical walls is absent. The rock is hard and 
compact, even within the walls. Within the width of 12 feet are irregular 
streaks of fine-grained steely galena and blende, occasionally a couple of feet 
thick. Pyrite, and in places chalcopyrite, are sparingly represented. The gangue 
is finely divided siderite and a little quartz, the latter in narrow and irregular 
seams. The vein is clearly the result of replacement of quartzite by galena, 
zinc blende, and siderite, along tight fault planes. The vein system of which the 
Helena-Frisco forms a part continues for 6 miles and is faulted at several places 
by later fissures striking north-northeast. 

The Morning and You Like are situated on the eastern end of this vein 
system, high up on the hill above Mullan. A tunnel 9,000 feet long and 900 
feet below the working tunnel used in 1899 is projected to tap the vein from 
the mill level. The ore shoots, which are said to be strong, are 600 to 700 feet 
in length and 10 to 40 feet in width. The present capacity of this group is 700 
tons of ore per twenty-four hours. 

LIGNITE. 

Coal of a lignitic character has been found in two widely distant parts of 
the area under examination. In neither case are the developments extensive 
enough to assure their commercial importance. At the head of the South Fork 
of Bitterroot River lignite has been found on Coal Creek, a small tributary 
from the west which enters the South Fork 10 miles above the mouth of the 
West or Nez Perce Fork. The deposit is connected with rhyolite, and appears, 



112 BITTERROOT AND CLEARWATER MOUNTAINS, MONT.-IDAHO. 

« 

in fact, interbedded together with clays and sanda in tlie uppei* part of the 
rhyolitic flow.s. Mr. J. B. Leiberg'' states that the deposit occupies an area of 
about 500 acres, and that two seaujs have been discovered, the upper one with a 
thickness of 12 feet, while the extent of the lower is unkown. Coal Creek was 
visited l>y Mr. G. W. Stose, who reports that the rhydlite exposed in the bottom 
of the canyon continues practically all the way up to an elevation of 1,000 feet 
above the main stream. Two tunnels, 50 feet apart and at slightl}^ different 
levels, the upper one boarded up, are the only developments. The coal seam was 
only partly exposed; 2^ feet of coal were seen, with a 8-inch seam of clay in the 
middle. The dip of the strata seems to be 22-. The roof of the coal consists of 
a clay full of vegetable matter, such as fern-like leaves, grasses, etc. Above this 
clay follows a hard and compact rhyolite tuif. The extent of the coal lands is 
problematic, and I am unable to say whether Mr. Leiberg's estimate is correct. 
At any rate, it is clear that the extent of the territory underlain by coal is small, 
and the well-known uncertaint}" of thickness and quality in other fields similar to 
this make predictions of doubtful value. A sample of the coal was analyzed by 
Dr. W. F. Hillebrand, with the following result: 

Analysis of coal from near head of South Fork of the Bitterroot River. 



I. 



Moisture at 105° i 7. 21 

Volatile combustibles i 56. 09 

Fixe<l carbon 27. 09 

Ash 9.61 



100.00 



II. 



7.21 
41.84 
37.61 
13.34 



100.00 



The first column represents the composition as usually determined, the ash 
being found in the same portion as the volatile combustibles and fixed carbon. 
But the coal sparks enormoiLsly, and much ash and fixed carbon are ejected with 
the volatile combustibles. 

The second column gives the true ash contents and the corrected volatile 
combustibles and fixed carbon, calculated on the assumption that the ratio of fixed 
carbon to ash in the ejected matter is the same as that in the coke of I. The 
coke is thoroughly sandy. The ash is pale buflF colored. 

The coal is black in color, and crumbles easily on exposure to the air. The 
analysis shows it to be a lignite of very fair quality, approaching a bituminous 
coal in composition. From its association with the rhyolite, the conclusion is 
strong that it is probably of Miocene age. A little lignite is reported to have 

a Nineteenth Ann. Rept. U. S. Geol. Survey, pt. 6, 1898. p. 2d5. 
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been found in the upper area of rhyolite, 10 miles higher up on the South Fork, 
where a similar succession of rhyolitic flows and tuffs is exposed. 

The only other known occurrence is that on the west side of the Clearwater 
Mountains in the canyon of the Clearwater River. This coal, which occurs in a 
series of sedimentary beds interstratified with the Columbia River lava, has been 
described by Prof. I. C. Russell.'' Professor Russell states that three seams of 
lignite from 2 to 20 inches in thickness and separated by a few feet of sandstone 
have been found half mile below Oro Fino on the south side of Clearwater River and 
at an elevation of about 200 feet above the same. The exposed beds are believed to 
be part of a landslide, and the true position of the beds is suggested to be 500 feet 
higher. Lignite is reported to occur at several localities on Oro Fino Creek (all of 
it probably belonging to approximately the same bed) within a distance of several 
miles in the middle portion of its course. In sec. 12, T. 36 N., R. 4 W. an exposure 
of this kind was examined by Professor Russell, who found 20 inches of lignite 
embedded in sandstone and clay. In another place near this exposure a shaft has 
exposed 27 inches of lignite. Here again landslides are believed to have occurred, 
and the true position should be looked for at an elevation of between 400 and 
600 feet above the creek. The lignite-bearing rocks no doubt underlie a wide 
extent of the adjacent plateaus. 

Similar exposures are also reported from several places in Little Canyon to the 
south of Oro Fino and on the west side of the river. At the place which was 
examined by Professor Russell no lignite but only carbonaceous shales were observed. 

MINERAL SPRINGS. 

A limited number of generally hot mineral springs are scattered over the area 
examined without special regularity and without showing any connection with lines 
of structure or volcanic flows. Beginning on the north, hot springs are found at 
the head of Lolo Fork and about 6 miles north of Lolo Pass. These springs, which 
yield a weak mineral water of high temperature and are of sufficient volume to 
supply a bathing establishment, break through granite not far from the contact 
with the sedimentary series. Going over to the Clearwater side, hot springs of 
similar nature are found at elerry Johnson's on the Lochsa Fork at an elevation 
of 3,300 feet. They issue at different places a short distance below Warm Springs 
Creek and on the north side of the river. No hot springs are known to exist along 
the foot of the Bitterroot Range, but in the eastern foothills, about 12 miles southeast 
of Hamilton, hot waters issue at the place known as Weeping Child Hot Springs. 

No hot springs are known on the South Fork of the Bitterroot River, but a cold 
soda spring occurs on a bmnch of the West or Nez Perce Fork of the Bitterroot 

a Water-Sup. and Irr. Paper No. 54, U. S. Geol. Survey, 1901, p. 122. 
ft995— No. 27—04 8 
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River 6 or 7 miles above its mouth. The rock is here a pegmatitic granite. In the 
Sahnon River drainage hot springs issue on Horse Creek at an elevation of about 
(),000 feet. The water, which has a temperature of 110^ F., has no taste or odor. 
Another and somewhat hotter spring issues half a mile below the upper place. 
Farther west in the Clearwater drainage a hot spring is stated to occur on the head- 
waters of the Red River, a branch of the South Fork. 

It is a somewhat peculiar fact that no hot waters are known from the large area 
occupied by the Columbia River lava between the Clearwater and the Snake River. 

8UMMAUY. 

The region described is bordered on the south by the Salmon River and on the 
north by the North Fork of the Clearwater. The fertile Bitterroot Valley is at the 
eastern foot of the inn)osing Bitterroot Range, which attains an elevation of 11,000 
feet, and we-stward merges into the great dissected high plateau of the Clearwater 
Mountains, which at their western edge descend rather abruptly to the lower 
plateaus of Camas and Cold Spring prairies, forming part of the great Columbia 
River lava plateau. This plateau has a general elevation of 2,500 to 3,000 feet, and 
is built up of horizontal lava flows. From great glacial cirques in the western 
slopes of the Bitterroot Range the Salmon River and the seveml forks of the 
Clearwater River find their way westward in canyons from 3,000 to 5,(X)0 feet deep. 
The canyon of the Salmon especially is remarkable for its great length and depth. 
In the lower plateau country these rivers flow in more sharply incised but less deep 
canyons, which continue to their junction with the master stream, the Snake River. 
The area is a wild and very sparsely populated mountain region, heavily timbered 
except on the highest ridges, which usually show clear evidence of glacial action. 

The geology is comparatively simple. The main Bitterroot Range and the 
larger part of the Clearwater Mountains consist of a granite, or, defining it more 
correctly, of a quartz-monzonite mass — the northward continuation of the great 
batholith of the same rock which occupies so large an area in south-central Idaho. 
In the latter region this intrusive mass is of post-Carboniferous and probal^ly 
late Mesozoic age, and there is no reason to believe that the granite of the Clear- 
water and the Bitterroot is of different age. 

Along the whole eastern slope of the Bitterroot Mountains this giunite is 
made schistose >)y pressure and forms a zone a few miles in width and 60 miles 
long, following the front of the range. This schistose zone is probably due to a 
great fault which, like the schistosity, dips about 18"^ E. Otherwise the granite 
is generally massive and but little altered. Several smaller areas of a much older 
gneiss (pre-Cambrian ?) occur in the Clearwater Mountains, the largest appearing 
near Elk City. The granite is intrusive in this gneiss. Along IjoIo Fork, at the 
northern end of the Bitterroot Mountains, and near the head of the Bitterroot 
River are areas of probably Cambrian or pre-Cambrian quartzites and slates, ink) 
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which the gi-anite is also intrusive. Finallj^, along the western foot of the Clear- 
water Mountains, near Harpster and Mount Idaho, oi^eur slates, limestones, and 
greenstones, which clearly form the northeasterly extension of the similar sedi- 
mentary series of the Seven Devils and the lower Salmon River. This series is 
believed to be of early Mesozoic age and the granite of the Clearwater Mountains 
is intrusive in it. 

The geological history of this region probably begins with the deposition of pre- 
Cambrian sediments on a basement of gneiss. Much later, in early Mesozoic time, 
sediments, accompanied by basic lavas, were laid down on the western side of the 
area described. Granitic intrusions followed or accompanied a great uplift of these 
sediments, and an active erosion reduced the surface to moderate relief. All this 
is believed to have been accomplished before the beginning of the Cenozoic era. 
A second uplift raised this reduced topography to the present level of the great 
Clearwater Plateau, which pro])ably extended far into Montana. On the west this 
plateau is probably separated from the Columbia River V^alley by a dislocation, 
while the Bitterroot Range was differentiated by the remarkable flat fault, 60 miles 
long, which now forms its eastern slope. The deep canyons of the Clearwater and 
the Salmon were excavated before the eruption of the Columbia River basalt. The 
movement along the great Bitterroot fault plane has apparently continued until a 
recent date. The vertical movement along the Bitterroot fault is from 4,000 to 
6,000 feet, and the horizontal component at least 2 miles in length. The fault 
appears to be a normal one. A twofold movement has probably taken place, hy 
which the foot wall has been raised and at the same time the hanging wall depressed. 
The Bitterroot Valley represents the result of the downthrow, the Bitterroot Range 
the result of the upward movement. This dislocation, remarkable in man}^ ways, 
probably is the most important structural feature discussed in this report. 

During Miocene times, finally, followed the great outflow of basaltic lavas at 
the foot of the Clearwater Mountains. These swiftly succeeding flows formed the 
plate^iu of Columbia River lava, thieir outbursts damming the old canyons and 
causing many changes of river courses, especialh' along the lower Salmon and 
Clearwater rivers. The whole course of the Snake River below Weiser, Idaho, 
has ])een changed by their eruption. Slow movements have taken place since 
the Miocene, during which time the main body of the Columbia River basalts 
were erupted. Besides local wai*ping, such as shown in the Craig Mountains and 
the Uniontown Plateau, near Lewiston, Idaho, it is believed that a general subsi- 
dence of a large part of the lava-covered area has taken place. Other parts, 
however, as, for instance, the high plateau near the Seven Devils, through which 
Snake River has cut its deep canyons, have probably been raised, the canyon 
cutting keeping pace with the uplift. 

The latest event of geological interest is the glaciation. During early 
Quaternary times a continuous ice sheet covered the whole of the Bitterroot 
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Kange for a distance of 60 miles from north to south. Isolated high part^ of the 
Clearwater Mountains were likewise centers of local glaciation. The lower limit 
of the glaciated areas is an elevation of 7,000 feet, though ice tongues on both 
sides of the mountains reached down to elevation of 4,000 feet. 

The valuable minerals contained in this area are chiefly confined to the western 
slope of the Clearwater Mountains. The gold deposits are the most important, 
and occur as fissure veins and gravels. At the foot of the Bitterroot Mountains, 
about 12 miles north of Hamilton, Mont., is the remarkable Curlew mine, where 
a body of galena was found on a fissure having limestone and quartzite as its 
foot wall and the giuvels of the Bitterroot Valley as hanging wall. On the upper 
South Fork of Bitterroot River prospects of copper, silver, and silver-lead ores 
have been worked. Hughes Creek, in the same vicinity, contains gold-bearing 
gravels which have been worked for many years. 

Elk City, founded in 1862, is one of the centers of the gold-mining industry on 
the west slope. Gold to the value of several million dollai's was extracted here 
from late Tertiary bench gravels, and placer mining is still prosecuted on a small 
scale. Quartz veins have also been recently opened in this old mining district. 
The well-defined quartz veins of Buffalo Hump, discovered in 1897, are actively 
worked, though not as yet on a very large scale. These deposits occur in granitic 
rocks, acc'ompanied by contact metamorphic slates. 

Florence, located 40 miles southwest of Elk City, is another of the old placer 
camps, discovered about 1861. The gravels were very rich, and the camp has 
yielded gold to the value of many million dollars. At present a few placers and 
quartz mines are worked there also. The bed rock is granite. 

Pierce, on Oro Fino Creek, about 50 miles north-northwest of Elk Cit}', also 
a well-known placer camp^ was founded in 1861, and its gmvels have been con- 
tinuously worked since then. The present yield from these placers is probably 
about $30,000 per annum. The gravels occur as creek alluvium and as benches 
up to 500 feet above the present drainage level. Quartz veins have also been 
found near Pierce, and many of them are being worked on a small scale. The 
veins occur in gneisses and schists. 

The total production of this gold-bearing region, extending at the western foot 
of the Clearwater Mountains, from the North Fork of the Clearwater to Salmon 
River, is at the present time probably about $160,000 per annum. 

Coal of fair quality has been found on the upi)er South Fork of the Bitterroot 
Valley, and the beds are here associated with rhyolite. The developments have not 
as yet shown the extent of this occurrence. 

Lignite of fair quality also occurs on Oro Fino Creek below Pierce, but the beds 
are probably not thick enough to allow profitable working. 
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Cedar Mountain, rocks of 81 

Chaffin Creek, moraines of 53-54 

rocks near 42 

Chickerman vein, oreof 86 

Cinnabar, occurrence of 98 

Clearwater Canyon, description of 61-62 

dioritic modifications on 20 

historj'of 77-78 

rocks in 76 

sedimentary rocks in 16 

Clearwater drainage, coal in 82 

Clearwater Mountains, basalt in, origin of 27 

definition of 13 

description and topography of 13, 14, 59-63 

geology of 63-68,114-115 

granite in 17 

giaciation in 28.67 

mineral deposits of 116 

profile across 16 

topography of 59-63 

Clearwater River, coal deposits of 113 

description of 15,61-62 

granite on - 17 

gold deposits of lower 107 

origin and character of 114 

placer?) of 84 

rocks exposed on 71 

.*cal«o South Fork and North Fork of Clearwater. 

i\tv\iT d' .\lene Mountains, definition of 13 

elevation of 13 
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Coeur d' Alene Mountains, geology of 81-82 

gold deposits of 106 

lead-silver veins, occurrence and description of. 108-109 

rocks of 108-109 

Coal, analysis of 112 

occurrence and characterof 82,116 

See also Lignite. 

Coal Creek, ligniteson Ill 

rhyoliteon 67 

Columbia lava plateau, profiles across 16 

Columbia River basalt, plateau of 24 

Columbia River lava, occurrence and character 

of 63,74-75,105 

plateau of 24 

Columbia River plateau, description of 24 

Como, rocksncar 31,32 

section near 83' 

ComoLake, moraine at 64 

Bchistosity of gneiss near 45 

Como Peak, view of 44 

C-ontact along Lolo Fork 36 

at Carlton Creek 86-37 

of gneiss and granite 22 

of quartzite and granite 31-52 

Contact, Idaho, rocks near 71 

Copper, occurrence of 82-83,86-87, 106, 107 

Copper Queen mine, ore of 89 

Coman , Thoma*:, acknowledgment to 87 

Cornucopia, dikes near 80 

Cottonwood, deep gravels in bore hole at 76 

Cottonwood Buttes, granite in X7 

origin of 69, 71 

rocks of 71 

sedimentary rocks near 16 

Cottonwood Buttes district, veins of 106-107 

Crackerjack mine, work on 101 

production of 102 

Crags, The, elevation of 59 

glaciationon 67 

rocks of 44,68-64 

Craig Mountain, elevation of 77 

height of 69 

Crooked River, granite on 20 

placers of 91, 96 

rocks along 65 

terrace on 98 

veins of 97-98 

Crooked River Mining and Development Company. 

property of 96 

Crown Peak, rhyolite on 28 

rocks on 56-67 

Curlew mine, description of 86-87.116 

fault in 49 

ore of 88 

production of 84,87 

rocks of 49,86-87 

sedimentary rocks near 42 

terracesnear 80 

D. 

Darby, terrace near 29 

Day,D. T., cited on Pierce district 106 

Denver, Idaho, bore holes at 72 

Dewey Consolidated and Mining Company, mines 

of, description of 106 

Dewey mine, developments in 104 

rocks exposed in 74 
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Diablo Peak, elevation of 59 

Uikea, ^M■t'nJ■^Jn^'^ oJ "JO, 'J3, 32, 56, 57, 65-66, 80 

IMorlte, ariiilyKiN *if 19 

IHorlte-ptirphyry, ttcfurrvnee of 72 

DJxtffillHthrt, Ux-iitiimftrjddfW'rifjili^Ti of 98 

Drainage of (Lrea dfscu«**'Tr Ser, Bittenroot River: 
Bitterroot Range; Clearwater River. 

E. ; 

Eagle Creek Range, dikes on 80 I 

Eastern foothills, dikes in 20 

geologyof 31-33 

granite in 17 

section of 33 

topography of 30-31 ^ 

El Capitan, height of 89 

Elk City, auriferous terraces at. origin of 27 | 

gneiss at 20,22 

mines of 1 16 

production of 84 > 

rocks at 63,65 

El k City district, description of 91-98 ' 

goldfleldiof 83-W, 91-98, 116 i 

production of 84-85, 91, 98. 1 1 6 

veins of 97 

Elk Creek, placers of 91 

gravels of 92-93 

Epeirogenic movementM in area, occurrence and dL**- 

cussion of 25, 48, 71-80, 1 15 

Erosion, extent of 26,27 



Faults, twcurrence and character of 26-28. 

47-51,76,87,114-115 

Fiddle Creek, placers near 108 

Flnlay, J. R., cited on Coeur d'Alene mines 108 

cited on production of Bunker Hill lode 110 

Flopftii'C, giK'SsN Th*jir 43 

gmvMl Icrmce neii r 30 

mines of 83. 1 16 

production of 86 

rhyoliteat 23 

rocks at 64 

Folds, rmfUf Tt^nce and chamcler of 27, 77 

Forest Kc^erv e , BU tc rrixJt . establishmen t of 9-10 

Forttmw VL'in . t^hjiracier of loi 

Fomllfii at S<5¥en l>ev11? 16,78 

in Mj^ttnitHiiii? IntertHMldi'd with basalt, examina- 
tion of 24 

Freedom, placers near 107 

French Creek, work at 91 

French Creek Mining and Development Company, 

mill of 104 

I 

Galena, occurrence of 83,86-87,89,91-96,108 I 

aanni-tl, H, ^, work of 10 

Q«m. Idahfi, lodt'snear 110-111 ' 

OLHjJiiffic hintory fUjwjuwiyn of 26-28, 115 

CtlbbcinMville, rockfl lit and near 57, 90 

iiedimenlary Tockfl at 16 

GIblKtnjtvllle mining district, location and descrip- 
tion of 90 

Glacial amphitheater, view of 46 

Glacial deposits in Bitterroot Range 25-26, 28, 52-^ 

in Clearwater Mountains 25-26. 28. 67-68 

Ser aUo Quaternary formations. 
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Glacial gravels in Bitterroot valleys 26 

Glacial liikt*, view tif. 68 

( ; ]pL< hitirm. extt-m ^ntl irbitmctcr of 28, 115-116 

in T^ It tern H>l Range 51-65 

in Clparwjitcr >foi)ntaJnii 67 

Gnei**, clIfTfl ol view of 40 

occum-nc*! and chanu:tL'f of. . 20-23, 87, 42-47, 64-66, 70-74 

of S^t, Mafyu Pcalt, age of 37 

photomi^^rogniphi' of 20 

triin^ffinimti(H)!^ Iti 21-22 

< in (1(1, oc;r'iirTOiiei? uf 82-108 

Gold H 111 minr»4, mentli tn of 95 

Gold ore, occurrence and character of 82-85. 

90,96-102,103-108,116 

Goode, R. U., cited on divisions of area discussed ... 13 

**nimlt! Rmuit* Rivhit, limestone on 72 

rocks at mouth of • 72 

<f ranite, age of 2J 

dikes in 20, 32 

occurrence and character of 17-20. 

32.38,42-47,56,68-64,114 

Granite Creek, rocks near 36, 88 

Granite l^nk, virw of 54 

QniTi! k^-jMirj ^Uy ry i1ikt.-?i of 23 

Grunit It: ruck;?, an&lyMea of ]g 

('(iimjwwfilfj'n of 19 

Granj ulioritt^. ami I yi^i ^ of 19 

Gmntidale, alluvial lands near 29 

terraces near 30 

Grave Creek, rocks of 38 

Grave Peak, elevation of 59 

glaciation on 57 

ro<;k8 of 53 

Grtvel in boring at Cottonwood 76 

Gravel l**rrtttHMjf BItU'rnNH River .«>4 

Gravels tjf Loki Fork 38 

of South Fork of Bitterroot 58 

Tertiary, occurrence of 67 

H. 

Hamilton, alluvial lands near 29 

veins near g? 

Harpster, gold mines near 105-106 

rocks at and near 16, 64, 70, 74 

8edimcntar>' rocks near \% 

terrace ai % 

lli'iiM mi M iiJK * I isinct , rocks of 7j 

Helkee, V r., rltinlon BuflTalo Hump district 102 

mt'ntlLHtof 105 

HHi^na-FH*<M) TOlJlCi dew^-riiition of in 

irematllen *M.'curTenco of. 107 

nillcbmtid. W F.. analysis by 112 

H Siii'kU-y'rt ranrh, rocks exposed at 74 

Hcjmentako vein, lot^nlioii of 98 

llorw Cf tnk, gn e[iP of 20 

mineral springs on 114 

ore deposits of go 

prospecting on 90 

rocks on 63, 64, 66 

Hot Springs, contact near 36 

rocks near 35, 38 

Hughes Creek, claims on 88-89 

gold of 89 

gravel of .'i8,88 

mineral deposits of 88-*9 

mining operations on 89 
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HogheflCreck, placersof 83,116 

rocks exposed on 68 

rocks in banin of 66-^7 

Huntington, Oreg., rock«near 73 

gedimentar>' rocks hear 16 

Idaho, central, mapof 10 

central plateau of 48 

map of, by General Land Office 10 

Idaho County, mines of 85 

production of precious metals In 85 

Idaho Mining Company, property of 93 

Imnaha River, copper at junction of Snake and .... 107 
Indian reservation. See Nez Perce Reservation. 

Iron Crown mine, description of 97 

Iron Crown.quartz mill, view of 96 

J. 

John Day Creek, placers on 107-108 

Johnson, H. R.,aidby 11 

discovery by 74 

Johnson Creek, gold of 89 

Jointing. See Schistosity. 

Jumbo mine, work on 101 

production of 102 

K. 

Kamiack Butte, character of 81 

Kamiah Prairie, elevation of 77 

Keuterville, rocks near 72 

Knowlton, F. H., cited on age of ba.salt 24 

L. 

Landslides in Clearwater Canyon 76 

Lava, Columbia River, occurrence and depth of 81 

Lava flow, elevation of 77 

time of 116 

Lava plateau, epeirogenic movements of 26, 27-28, 77-80 

faulting in. See Faulting. 

geology of 70-80 

structure and physiography of 76 

topography of 68-70 

Lavas, origin of 26 

Tertiary, occurrence and description of 2^25, 

67-68,74-76 

Lead, occurrence of 82-83,86-^7 

Leiberg, J. B., cited on Bitterroot Valley 29 

cited on lignite occurrence 112 

quoted on ruggedness of western slope of Bitter- 
root Range 41 

Lewis and Clarke, exploration by 9 

I^ewiston, elevation of 79 

folds near 27 

rocks near 72-77 

Lewiston plateau, elevation of 69, 77 

view of 76 

Lick Creek, rhyolite on 24 

Lignite, analysis of 112 

occurrence and character of 111-113 

See aUo Coal. 

Limestones of lava plateau 71,74 

Lindgren, W., cited on gold belt of Blue Mountains. 73 

cited on origin of lava.«» 26 

Uppincott, J. B., cited on Bilk Mountain 64 
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Lippincott, J. B., map by lo 

photograph by ,., io,eo 

Little Canyon, lignite In 118 

Little Canyon Creek, rocluin 76 

Little Elk Creek, placersof 96j96 

terrace on ^,., 93 

Little Salmon Meadows, rocks near 20,64 

Lochsa Fork, canyon of 62 

mineral springs on us 

rocks along 65 

Lochsa-Sclway divide, location and description of. . 69 

Lolo contact, description of 86 

Lolo Creek, gold washings of 105 

mineral deposits at 88 

Lolo Fork, geology along 84-S8 

topography along 88-«4 

mineral deposits of 86 

mineral springs on 118 

sedimentary rocks on le 

Lolo Pass, height of 40 

rocks of 38 

Lolo Peak, height of 33 

rocks near 42 

Lolo post-office, rocks exposed near 34 

Lolo Ridge, rocks of 44, $3 

Lolo series, occurrence of 22, 34-86, 87 

Lolo trail, useand character of 9,84 

Lookout mine, location of 97 

Lost Horse Creek, gap on 40 

moraines of 53-64 

rocks exposed on 44-46 

trail up 41 

Lost Horse Pass, rocks at 21,64 

M. 

Mascot Milling and Mining Company's mill, work of. 104 

Mascot vein, location and working of 104 

Merriam, J. C, cited on age of basalt 24 

Merrill, G. P., analysis by 76 

Metalliferous areas, location of 82 

Mesozoic rocks, occurrence of 16 

Middle Fork of Clearwater, canyon of 62 

rocks along 66 

Mill Creek, gneiss on 21 

graniteon 18 

grade of 49,60 

roi'ks expO!«ed on 4^-44 

Mill Creek Can yon, gravels of 52-68 

view of 40, 42 

Mineral deposits, occurrence and character of 82-114, 116 

Mineral Hill, mineral deposits and mines of 89-90 

Mineral Hill district, rocks of 66 

Mineral Point, mineral deposits and mines of 89 

rocks at 6&-67 

Mineral Point Meadows, rocks of 67 

Mineral Springs, occurrence and character of 113-114 

Mining districts of Clearwater, map showing loca- 
tions of 92 

Miocene epoch, basalt of 24 

rhyolite of 24 

Mission Creek , oi'currence of limestone at 71 

Missoula River, rocks along 82 

Moose Creeks diggings, location and description of. . 91-«6 

Monitor mine, working of 90 

Monte Cristo mine, description of 101 
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Moraines, occurrence and character of. 



Pace 

.», 

28,44-45,46,49,6:2-54 

Mormon Creek, mineral deposite on 86 

Mormon Gulch, rocka on 36 

Morning mine, deacrlption of ^ 

Mount Idaho, gold mines near 105-106 

nicks near 70, 78, 79 

Mountain House, rocks near ^ 

Mullan, rocks at ^^-^ 

Mullan district, production of }^ 

Mullan Pass, rocks at and near 

Murray, gold at 

Musselshell Creek, gold washings of 

mineral deposits on 

rocks on 



Hl.W 
82 
lOT) 

65 



55 

65 

91.96 

83,97 

10 
40 
42 
56 
28,71 



work on 

Orographic disl<x-allons of lava plateau . 

Orton, Molloy &. (>>.. work of 

Cnerwhich Creek, rhyoliu; on 

Owl Creek, mineral deprj^its of 

Ozark Cr>mpany, development* of 
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N6v<5 fields of Bitterroot Mountains, extent of 

Newsome, rocks at 

NewHome Creek. pla<'en( of 

veins of 

Nez Perce Fork. See West Ff»rk. 

Nez I»erce Indian ReHer\ation. o|>ening of 

Nez Pen-e Paw, height of 

rocks near 

Nez Perce trail, rock** on 

North Fork of ClearwaU*r, TtH'kn on 17, 

North Fork-Lochsa divide, l<K'ation and description 
of 

O. 

Onw, eluiracterof *®-84 

history and pniductlon of 84-85 

geologic relations of 85 

Oro Fino. gold fields of 84, 108 

metamorphism at '^ 

locks exposed at \7,Zi,Ht-1l.'G 

Oro Fino Creek, lignite on 1 13 

mineral depoKits on x8-»4 

108 

25 

*ft 

23 

90 

104 



P. 

Pale«>zoie era. »»edimentary nicks of 16 

Pierce, gneiss at 23 

gravels at 67 

mines of 83-84,116 

nick* at and near 17. 6»-65. 70. 76 

Pien-e contain, d loriti*; modifi^'ations near 20 

Pierce di>«lri*t. Ux^ation, hi»u^r>-. and d»^*'riptimi of. Hn-Mf* 

Pine foret-t in Biltemx>t M</untain». vlf w of 46 

Plartrr?*. gold . r,«turreni-e of. »CJ-K5. •*-»*9. 91 -9»;. 97. K/z-lOBi. l(* 

of Elk City dijilri^l 91-96 

Plat«AU of central Idahr*. d*r**ription of 4»« 

PIea««nt Vi«.-w pm«>peirt>. ril v#-r of «<7 

Plirir-ene epo*th. rhyolil*- of 24 

P<Klatir^h Treek. m^rk* on 76 

Preciou* m*-tals in aw* diwrtij*ed. \ivnuiiry and i»r**- 

duction of M-Vi, 116 

Pallm«.n. rrjcks near •si 
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Q. 

Quartz veins in (Vn'ur d' Alene Mountains 108-109 

Quariz veins, gold bearing, occurrence of. 96-97,101,108-104 

Quartz-monzonite, analyses of 19 

occurrence of 18-19, 8H, 114 

QuarUite. occurrence of 81 

Quartzitic schists, tH'currence of 16, 85 

Quatemar>' formations. «H'cum«nce and character 

of 25-26 , 29 , 8M , 5h 

U. 

Raymond, K. W., mention of 11 

Red Horse (^nt'k, placers (»f 91-92 

Red River, minerHl springs on 114 

placer mines of 91 

veins of Wi-97 

Relief Creek, rocks on fA 

Rhodes Gulch, richness of I()3 

Rhodes Peak, glaciati<in on 67 

nnkof 44 

silver Vfin on 88 

i Rhyolite, <M'Currencf siid charact«'r of ... . 2:i-24, 82-»i, 57-58 
I Srr also Tertiary lavas. 

Rhyolite asMociat4*<l with coal, (MM^iirrrnrc of 1 12-118 

I Ridges of ClcarwaU-r Mountains m-aw 

RcMring Lion Creek, niorainal gravelM of r>3 

I terratjes of Mi 

Robhins mining district, organization of 99 

R^H'k Creek, moraiiK's of r»!i-M 

r(x;ks exposed on 45 

it<N'ky (Canyon, rcNiks of 72 

RiM'ky Ridge. gla<'iation on «7 

Rumlxi ('reok, rtx-ks on 51 

Russell, I. <'.. cit***! on Imsalt 76 

cilwl on <'<ilunil>ia River lava 74 

cite<l on ei*eirogenic mov«'m«Mits 79-mo 

ciu*<l on lava plateau i;s, 79-MO 

cited on Lewlston Platesu and (!ratg Mountsin. 77 

cilcfl on lignit4> 113 

riU*d on lim«'Ston<'s of lava platfHii 71 

i'it4Hl on TiH'kn of North Fork 71 

clte*l on HalnKin Canyon ns-kx 72 

<'it»^l on Small's ranch Ixiring 76 

rliwl on Knakc Rivor cxiMMiircN 72-73 

ciU^ on •* stcpto<i» " 70 

ciU;d on volcanic dust 76 

qiifitefl on Masrrot Hill mini's 1(>4 

qijotiM on Knakt* (!anyon ^W 

quotcl on I'niontiiwn Plateau 76 

Ryans M<radowM, nx-ks n<'ar «H 65 

M. 

Kt, Marys Peak. gneiMs of 22, 517 

Ht. Ri^is de Horgia River, nM'ks nlong Wi 

.Halm^in Mrmntain. glai'iation on 67 

gncls«i tii an, '/i 

HK'ks at and near 68, 64, 65 

Kahnon P««k. eW'Vation of 60 

Kalnuni Point. plaf;4'rs near \m 

Salmon Rlvi-r, ^ 'olumbia river lava on 62 

di-w-riptliin of ci 

gold on lor,. Hf7 

origin and chanu'tHr of 1 1 1 

rocks Hxxum-A on 16, 62. 7o, 72, 73 
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Salmon River Canyon, description of 14, 62 

glacial gravels in 28 

history of 78 

view of 68 

Salmon River divide, elevation of 55 

location and description of 59 

Salmon River divide trail, description of 60 

Salmon River Mountains, location of 13 

view of 60,69 

Salmon-Snake plateau, height of basalt on 79 

Santiago mines, operation of 104 

Sawtooth Creek, morainal gravels of 63 

Sawtooth Gulch, nxjks in 42 

Sefilstosity and jointing, discussion of 50, 114 

Searle. A. B., map by 10 

Sear's ranch, glacial deposits at 52-53 

Section near Como 33 

Sedimentary rocks, occurrence of 15- 

17, 31 , 34-35, 42, 56-57, 66, 70-74, 115 

Selway Fork, drainage of 62 

rocks along 65 

Seven Devils, fossils at 16,73 

rocks at 16,73 

Sherman Peak, rocks of ti3, 65 

Silver, occurrence of 82-83, 87 

Skalkaho Creek, rocks along 31 

Slate Creek, mineral depositsof 88 

mines at 88 

rhy olite on 57 

veins of 88 

Small's ranch, boring on 76 

Snake River, copper at junction of Imnaha River 

and 107 

description of 62-63 

gold on 106,107 

limestone of 71 

sedimentary rocks near junction of Salmon 

River and 16 

Snake River Canyon, description of 68 

glacial gravels in 28 

history of 78-79 

rocks exposed in 70-71 

view of 70 

South Fork of Bitterroot River, canyon of 62 

dikes along 20,23 

geology of 56-59 

granite-porphyry on 23 

gravels of 68 

mineral deposits of 88-90 

8edimentar>' rockson 66-^57 

terraces of 68 

topography of 55-56 

South Fork of Clearwater River, auriferous terraces 

on 27 

map of 92 

sedimentary rocks on 16 

sediments on 74 

washings on 96 

Spark's ranch, rocks near 35 

Steptoe Butte, characterof 81 

Steptoes, dednition of 70 

Stoee.G. W., aid by 11 

cited on rock exposures 66 

cited on rocksof Coal Creek 67 

investigation by 112 

photographs by 68 
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Stose, G. W., work of 45,46,66 

Stuart, rocks at 66 

Subsidence in Bitterroot Range 48-19 

Sweet mine, production of 104 

Symons, T. W., work of 10 

T. 

Tekoa Spur, rocks of 81 

Terraces, occurrence of 27, 29-30, 83, 68, 93, 96 

Tertiar>' gravels, occurrence of 67 

Tertiary lavas {see Lavas, Tertiary) 23 

Tertiarj* rocks, occurrence of 67 

Tertiary period, erosion in 27 

events of 27-28 

Tieman diggings, description of 94 

Tincup Canyon, gneiss in 46 

Tincup Creek, moraines of 53-64 

rocks near 42 

Tiptop mine, rocks exposed at 88 

Trails. (See Lolo trail; Bitterroot Range trails; Nez 
Perce trail; Lost Horse Creek trail; 
Salmon River divide trail.) 

Trapper Creek, mineral depositsof 88 

moraines of 54 

rocks exposed on ' 66 

section on 46 

Trapper Peak, gneiss zone of, view of 46 

height of 39 

Triassic period , sedimentary rocks of 16 

Twin Lakes, granite near 21 

moraine at 64 

schistosity near 45 

IT. 

Unio shells, occurrence of 67-68 

Uniontown Plateau, elevation of 70,77 

location and height of 81 

Uplift, hypothesis of 26 

in area discussed 116 

of lava plateau 27-28 

V. 

Vun Hise, C. R. , cited on schistosity and jointing 60 

Victor, rocks near 81 

Volcanic dust, occurrence of 76 

Volcanic rocks, occurrence of 67 

W. 

Wallace district, production of 108 

Walton Lake, view of 68 

Ward Peak, heights near 89 

Wardner, rocks at 81 

Wardner district, mines of 108, 110 

Warren, gold mines and production of 85 

rocks at 64 

Weed, W. H., cited on Gibbonsville district 67, 90 

cited on rocksof West Fork 68 

Weeping Child Creek, rocks along 81-82 

sedimentary rocks on 

Weeping Child Hot Springs, location of 118 

West Fork of Bitterroot, gravel on 68 

mineral spring on 118-114 

rocks along 46-47,66 

terraces on 68 

Westerman's ranch, rocks near 86 
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Westerman'B ranch, veins near 86 ! 

White Bird Creek, roekH near 72 

Whittle, Charles L.. quoted on Buffalo Hump dis- 
trict 100,102 

Wild Roflc mine, developments on 104 

Wise Boy mine, work on 102 

Wood Placer Company, work of 89 

Woodmans Creek, copper on , 86 

gold prcwpects on 86 
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WoodmAns Creek, rocks near 85 

WoodsCreck, depooitsof 89 

Y. 

You Like mine, description of Ill 

Z. 
Zinc blende, occurrence of 108-109 
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